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PREFACE. 


In  the  use  and  design  of  machinery  in  all  lines,  America  has,  in  the  last  few 
JittVp  taken  a  leading  place  among  the  nations;  that  used  in  ore  dressing  is  no 
dtion  to  this  rtde.     The  existing  authorities  on  this  subject  treat  chiefly 
~>peaji  practice,  and  since  the  time  of  their  publication,  new  researches 
en  made,  revising  and  throwing  light  upon  the  laws  governing  separation? 
all  Uiese  accounts,  therefore,  the  present  seems  an  opportune  time  for  the 
ppearance  of  a  work  on  ore  dressing. 

The  aim  of  the  author  has  been  to  present  to  the  reader  the  modem  American 

itice,  referring  for  comparison  to  the  European ;  and  to  so  expound  the  princi- 

jof  the  art,  as  at  present  understood,  as  to  make  advances  easy  in  tJie  future. 

"making  Uie  bo<^k  he  lias  had  in  mind  the  student,  the  teacher,  the  expert^  the 

^ill  man  and  the  manufacturer. 

The  ground  covered  by  the  book  includes  the  mechanical  preparation  of  useful 
3jh»-ra!ft  other  than  coal.  The  cleaning  of  coal  calls  for  a  distinct  and  specialized 
t  requiring  on  the  part  of  the  author  added  travel,  experiment,  study  and 
^|i>jadence,  go  much  so  that,  although  the  underlying  principles  of  treating 
are  largt?]y  the  same  as  those  of  other  minerals,  the  added  time  required 
Id  have  postponed  the  appearance  of  the  book  much  beyond  the  date  which. 
to  both  author  and  publisher  already  seems  extremely  tardy.  Hydraulicking,' 
altlwiogh  a  brnnch  of  mineral  dressing,  is  omitted  because  it  is  well  treated  in  the 
VOfk  by  A.  J.  Bowie.  Gold  milling  has  been  less  dwelt  upon  for  two  reasons; 
(ly  the  excellent  w^orks  of  Lock,  Louis,  Rickard  and  Rose,  taken  together,  have 
placed  in  the  Ijands  of  the  reader  a  vory  complete  treatment  of  the  subject;  (2) 
an  exhauiitive  treatment  of  amalgamation  appears  to  belong  more  to  metallurgy 
tiian  to  ore  drt^sing. 

The  dividing  line  between  metallurgy  and  ore  dressing  is  that  between  chem- 
ical and  mechanical  treatment,  the  smelter  dealing  with  chemical  reactions  and 
the  mill  man  only  with  physical  phenomena.  There  are  several  reasons,  how- 
rv€F,  why  it  is  difficult  to  exclude  amalgamation  from  a  book  on  ore  dressing, 
although  the  formation  of  the  amalgam  alloys  may  be  claimed  by  the  metalhirgist. 
Fiist,  the  amalgamated  plate  and  the  treatment  of  amalgam  are  the  only  sub- 
in  the  gold  mill  whose  place  in  a  book  on  ore  dressing  can  be  doul)ted,  but 
aid  not  be  wise  to  describe  all  the  other  parts  of  the  gold  mill  and  refer  the 
'  to  metillurgy  for  the  plate  amalgamation;  second,  the  amalgamating  pan 
only  doubtful  object  in  a  **combination''  silver  mill  The  argimient  for 
^t  in  is  the  same  as  that  in  regard  to  the  amalgamated  plate  above  men* 
_pThe  Washoe  process  is  but  briefly  referred  to  because  it  is  generally 
as  a  metallurgical  process.  . 

TTie  purees  from  which  the  information  has  been  derived  are:  personal  visits' 
to  the  mills,  correspondenc*e  with  the  mill  men  and  the  manufncturers  of  mill 
midiitiery,  the  laboratory  and  the  literature.  The  author  wishes  especially 
to  oxprofii  his  gratitude  to  mill  owners  and  managers  and  to  the  manufachirera 
'  *  "  AiiieTT  for  the  warm  interest  they  have  taken  in  making  contributions  to 
ok.  n**  would  have  made  but  a  sorry  showing  without  their  help.  The 
'  1^  been  freely  used  for  testing  and  revising  the  laws  of  separation, 
,  two  settling  ratios  are  believed  to  have  been  established,  namely 
A^e  ^Htling  and  the  hindered  scuttling  ratios;  a  third,  the  agitation  ration 
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has  also  oeen  investigated  to  some  extent;  the  laws  of  jigging  have  been  revised; 
the  behavior  of  slimes  in  spitzkasten  and  on  the  slime  table  have  been  studied. 
The  literature  from  1870  to  date  has  been  systematically  reviewed. 

The  arrangement  of  the  book  is  based  on  the  natural  division  of  the  subject 
into:  (a)  severing  or  breaking  the  ores;  (6)  separating  the  valuable  minerals 
from  the  waste.  Each  of  these  great  groups  also  subdivides  itself  into  prelim- 
inary, final,  and  auxiliary  treatment.  For  example,  where  Blake  breaker  and 
rolls  are  used,  the  former  is  the  preliminary  crusher  and  the  latter  the  final ;  and 
where  trommels  and  jigs  are  used,  the  former  are  the  preliminary  and  the  latter 
the  final  separators.  The  term,  auxiliary,  is  added  for  the  machines  used  to 
recrush  and  concentrate  middlings.  Since  hand  picking  yields  smelting  ore  for 
shipment,  this  scheme  places  it  among  the  final  separators — a  later  point  than  is 
usual  with  other  authors. 

The  student  can  intelligently  study  the  theory  of  machines  only  after  their 
construction  and  operation  are  understood.  Therefore,  wherever  possible,  the 
discussion  of  theory  is  given  later  than  the  description. 

Criticism  may  be  made  upon  the  machines  described  in  the  chapter  on  fine 
grinders  because  so  many  of  them  are  not  used  in  ore  dressing.  The  answer  the 
author  would  give  is  that  it  is  impossible  to  say  at  what  moment  any  one  of 
these  machines  may  be  needed  in  ore  dressing,  and  that  there  is  no  book  upon 
grinding  to  which  the  reader  can  be  referred. 

The  eflBciency  of  the  various  milling  processes  is  very  imperfectly  indicated, 
for  lack  of  reliable  data  the  publication  oi  which  is  authorized. 

A  system  of  numbering  both  mills  and  machines  has  been  adopted  for  the 
convenience  of  the  reader  and  the  saving  of  space.  For  example,  all  jigs  doing 
the  same  work  in  a  mill  are  given  the  same  number.  Where  jig  No.  2  in  Mill  44 
is  mentioned,  this  specifies  to  the  reader  all  the  jigs  in  that  mill  that  are  treat- 
ing the  product  from  the  first  spigot  of  the  hydraidic  classifier,  and  the  reader 
can  always  inform  himself  as  to  the  identity  of  both  the  mill  and  the  jig  by 
reference  to  Chapter  XX.  The  numbers  given  to  machines  are  according  to  a 
uniform  system,  and  vary  in  many  cases  from  those  actually  used  by  the  mills.* 
"Mill  44,  No.  2  jig,  four  of  them,*'  means  that  there  are  four  No.  2  jigs  in 
parallel  in  the  portion  of  the  mill  under  consideration.  In  order  that  the  reader 
may  readily  identify  any  mill  referred  to  by  number,  a  table  has  b^n  placed 
just  preceding  Chapter  I.,  which  gives  the  name  and  location  of  each  mill,  together 
with  the  kind  of  ore  treated  and  the  capacity. 

All  dimensions  of  tanks,  tubes,  boxes  or  other  hollow  vessels  are  invariably  in- 
side measures  unless  otherwise  stated.  All  slopes  are  measured  from  the  horizon- 
tal. A  ton  ever3rwhere  indicates  the  short  ton — 2,000  pounds.  All  meshes  of 
sieves  are  meshes  to  the  linear  inch.  The  dimensions  of  machines  are  generally 
given  in  feet  and  inches  because  these  are  best  understood  by  American  mill  men. 
The  metric  system  has  been  adopted  for  the  holes  in  screens  because  it  is  well 
adapted  to  them,  and  mill  men  are  already  more  or  less  familiar  with  the  use  of 
millimeters  for  this  purpose.  The  metric  units  have  been  used  in  the  discussion 
of  hydraulic  classifiers  because  of  the  great  ease  and  speed  with  which  linear 
measures  can  be  transformed  into  volumes  and  weights,  a  facility  most  needed 
in  this  line  of  investigation.  Data  for  computing  from  one  system  to  the  other, 
together  with  other  useful  information,  are  given  in  the  appendix. 

The  name  breaker  has  been  adopted  rather  than  crusher  iot  the  coarse  cmsh- 
er&— for  example,  the  Blake  and  Gates  breakers— because  the  word  crusher  has 
a  more  generic  meaning,  and  it  may  also  be  used  for  the  fine  crushing  machineB. 
The  word  classifier  has  been  adopted  for  all  the  apparatus  that  separate  grains 
in  hydraulic  currents  without  recourse  to  other  mechanism,  although  there  is 
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it  difficulty  m  the  use  of  this  word.    Bittinger,  the  great  leader  and 
of  ore  dressing,  adopted  ** class^iren''  to  signify  sizing  by  sieves,  and 
%rHi"  to  ei^M    "        -aratiou  by  hydraulic  current,  but  in  America  we  have 
adopted  the  uni-  combination  of  "^dorting'  to  define  the  work  of  the 

*'clftl8<fier*' ;  that  la  to  say,  our  name  of  the  operation  agrees  with  Rittinger  while 
Dur  ume  of  the  apparatus  contUcts.  The  word  classifier  has  been  accepted  in 
lis  work  because  it  is  universaUy  adopted  in  the  mills  of  the  United  States 
rith  few  exceptions,  namely  in  those  of  tlie  Lake  Superior  copper  district,  where 
word  ''separator"  is  used*  The  adoption  of  Anglicised  foreign  words  has 
ayoided  in  nearly  all  cages,  but  three  exceptions  are  made ;  the  words  trom- 
t,  Mpiizkasten  and  spiiziutie  have  become  so  univereally  used  in  the  United 
States,  particularly  in  the  West  (and  tliey  are  found  in  BVeneh  as  well  aa  in 
liiigiK^li  books),  that  they  are  used  in  this  w^ork. 
Bibliography  relating  to  the  subject  of  each  chapter  is  given  at  the  end  of  the 
bapter^  tlie  references  being  numbered  consecutively.  Wherever  in  the  text  it 
oosired  to  refer  to  the  bibliography,  a  small  elevated  number  is  inserted,  which 
^rn^'-**'^  to  the  proper  number  in  the  bibliography.  The  names  of  text-books 
and  Jfi   from   which   quotations   are   made,   are  given   in   alphabetical 

Qfder  41  i  fining  of  the  book,  together  with  the  abbreviations  adopted. 

The  I  Q  of  such  a  book  as  this  is  a  very  different  problem  from  that 

of  coe  on  iamfcUing.  In  the  latter  case  the  description  of  any  one  first  class 
smelter  would  give  lines  approximately  of  all,  from  which  others  would  differ 
aoinewbat  according  to  the  price  and  acidity  of  ores  and  the  opinions  of  the  man- 
In  the  case  of  ore  dressing,  two  mills  of  totally  different  constructiottj 
[be  treating  tlie  same  minerals  in  different  localities,  but  if  either  mill  wa 
itnted  for  the  other  it  might  make  a  complete  failure.  This  is  owing  to 
lifferent  modes  of  occurrence  of  the  minerals,  which  require  the  mill  to  be 
^ipted  to  the  characters  of  the  minerals  in  each  case.  For  example, 
}  to  separate  galena,  blende  and  gangue  in  Leadville,  Colorado, 
would  f  I  r>Iin,  M^issouri,  and  that  in  Joplin  would  fail  in  Leadville,  while 

is  u  d  to  its  owm  district. 

Although  eight  years  have  elapsed  since  the  author  made  his  systematic  visit 
*Tin  rniUg^  he  has^  ag  far  as  possible,  kept  in  touch  with  practice  by  means  of 
correspondence.    He  htis  preferred  to  spend  more  time,  and  so  make  the 
.,/...._  jj^^j^  ^^  himself  and  to  the  reader,  rather  than  to  hurry  matters 
tliro«l  an  indifferent  hook*    He  has  made  every  effort  to  have  all  data 

'rellifkle,  but  knows  that  errors  are  likely  to  occur  in  collecting  from  so  many 
anifces;  that  in  many  of  the  mills  there  has  been  more  or  less  change  which  he 
his  not  noted ;  that  some  milk  have  been  destroyed  and  rebuilt;  others  have  been 
i«]]«rs«de<l  by  the  building  of  a  new  mill.  Nevertheless,  he  believes  that  the 
cnnclu^ionf*  drawn  are  reliable. 

The  appearance  of  the  W^ilfiey  table,  while  a  most  fortunate  event  for  the 
eatne  of  ore  dressing,  has  been  most  unfortunate  for  the  preparation  of  this 
boilk.  It  could  not  have  happened  at  a  more  inopportune  moment,  for  in  the 
msmneraf  1895  the  author  visited  nearly  100  mills,  obtaining  careful  data  from 
ther^  T     home  the  data  was  written  out  in  systematic  form,  mailed 

to  tl  -  for  their  criticism  and  correction,  and,  when  it  had  all  been 

tftuingd  and  piacefl  on  file  for  the  preparation  of  the  book,  the  first  Wilfley  table 
sppesfed.  From  that  day  to  this  it  has  been  finrling  its  way  into  the  mills  of 
almoet  all  descriptions-  Where  it  has  been  possible  the  author  has  put  in  the 
*"  changesr  and  has  so  indicated  in  the  text.  The  appearance  of  the  Wilfiey 
ible  is  an  event  of  such  importance  that  the  book  should  either  have  been  put  on 
arkW  tM  v:*'ir;  before  the  first  Wilfley  table  appeared,  or  have  waited 
adaptation  of  the  mills  to  the  newcomer  would  be  QOttxigldE> 
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The  art  of  ore  dressing  is  constantly  developing,  and  there  are  many  questions 
that  require  investigation.  In  order  that  future  publication  may  present  the 
best  information,  the  author  will  be  glad  to  receive  criticisms  of  the  present 
volume  and  suggestions  for  future  publication.  For  example,  mill  data  along 
almost  any  line  will  be  welcomed,  but  particularly  in  the  direction  of  eflBciency  of 
crushing  and  of  concentration;  adjustments  to  meet  special  conditions;  the 
elements  of  wear,  life  and  attendance,  which  contribute  so  largely  to  estimates 
of  cost. 

The  author  wishes  again  to  refer  to  the  help  he  has  received.  He  is  indebted 
to  the  owners  and  managers  of  the  more  than  ninety  mills  which  are  referred 
to  in  the  text,  first,  for  the  permission  to  examine  and  take  notes  upon  their  mills, 
and  later  for  the  careful  revision  of  his  mill  notes  by  them ;  he  is  also  indebted 
to  the  manufacturers  of  mining  machinery  of  the  United  States  who  have  fxir- 
nished  him  with  the  latest  practical  information  upon  milling  machinery.  They 
are  not  mentioned  here  on  account  of  their  number,  but  their  names  appear  in 
the  text.  Finally,  he  desires  to  thank  many  members  of  the  mining  profession 
for  help  which  has  been  freely  and  cordially  given.  The  number  is  too  great  iPor 
individual  mention,  but  he  is  especially  indebted  to  the  following,  who  have  lent 
their  aid,  either  by  critical  examination  of  the  manuscript  or  in  making  investi- 
^tions  upon  the  principles  of  ore  dressing : 

A.  Agassiz,  of  the  Calumet  &  Hecla  Mining  Company ;  Ms.  of  Steam  Stamps. 
Earle  C.  Bacon,  of  the  Farrel  Foundry  &  Machine  Company;  Ms.  of  Breakers. 
M.  P.  Boss ;  Ms.  of  Amalgamating  Pans.  F.  W.  Bradley,  of  the  Bunker  Hill  & 
Sullivan  Mining  Company;  samples  of  sized  and  sorted  mill  products.  H.  E, 
Clifford,  of  the  Massachusetts  Institute  of  Technology;  Ms.  of  Principles  of 
Screen  Sizing.  Louis  Derr,  of  the  Massachusetts  Institute  of  Technology;  Ms. 
of  Magnetic  Separation.  W.  Q.  Dodd,  of  the  Union  Iron  Works ;  Ms.  of  Amal- 
gamating Pans.  R.  M.  Edwards,  of  the  Tamarack  Mining  Company;  Ms.  of 
Steam  Stamps.  P.  W.  Gates,  of  the  Gates  Iron  Works;  Ms.  of  Breakers,  Bolls 
and  Tremain  Stamp.  C.  W.  Goodale,  of  the  Boston  &  Montana  Mining  Company; 
samples  of  sized  and  sorted  mill  products.  S.  I.  Hallett,  of  the  Smuggler  Mining 
Company ;  Ms.  on  Rolls ;  making  of  jig  tests ;  samples  of  sized  and  sorted  mill 
products.  J.  E.  Hardman;  Ms.  of  Gravity  Stamps  and  Amalgamation.  H.  C. 
Holtoff,  of  the  Edward  P.  Allis  Company;  Ms.  of  Steam  Stamps  and  of  Amal- 
gamating Pans.  W.  S.  Hutchinson ;  Ms.  of  Gravity  Stamps,  Amalgamation  and 
Classifiers.  G.  M.  Hyams,  of  the  Bigelow  group ;  Ms.  of  Steam  Stamps.  Louis 
Janin,  Jr. ;  Ms.  of  Amalgamation.  E.  D.  Leavitt,  Jr.,  of  the  Calumet  &  Hecla 
Mining  Company;  Ms.  of  Steam  Stamps.  H.  S.  Munroe,  of  Columbia  Uni- 
versity; Ms.  of  Screens.  C.  Q.  Payne;  Ms.  of  Magnetic  Separation.  Dwight 
Porter,  of  the  Massachusetts  Institute  of  Technology ;  Ms.  of  Launders.  Edwin 
Reynolds,  of  the  Edward  P.  Allis  Company ;  Ms.  of  Steam  Stamps  and  of  Amal- 
gamating Pans.  Risdon  Iron  Works ;  Ms.  of  Amalgamating  Pans.  Max  Rotter, 
of  Eraser  &  Chalmers;  Ms.  of  Breakers  and  of'*'Amalgamating  Pans.  J.  Son- 
dericker,  of  the  Massachusetts  Institute  of  Technology ;  Ms.  of  Theory  of  Crush- 
ing and  of  Rolls.  Arthur  Thatcher,  of  the  Central  T^ead  Company;  making  of 
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Quttmt  VaoiierbiLt 
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Gold  and  diver  bearing  py-  Ouart*.  porphy- 
rite,   gmlena,   blende  and   a  ry,    bante    and 
littl*  polybasitc.                       clay. 
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Gru^HAudJis, 

Gr»nby, 
ICtssotm* 

Blende,  calamine  and  galena 
in  coarse  crystallixation. 

OttarU,  flint, 
calcite  and  dol- 
omite. 

»ia)                            H 

L        s 

Hell  upoQ  Earth. 

i^^ri. 

Blende  and  galena  in  coaf« 
crystaUization. 
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and  flint. 
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Unaonite  Washer, 

Trexlcr  Town, 
Petwis>'lvania. 
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■ 

^V  '^ 

Ltxaooite  W*»b«r. 
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Vitf^nia, 

Limonite,    of   concretionary 
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with   aandKtone 
and  pebbles. 
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1      ^ 
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PhoaphAte  Compuxy 
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^^     T< 
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PloTida.                  1 

Photphate. 

Hani  blue  clay. 
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Dttitaelioa  PhnvphAtc 
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Ploricla 
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40a                                 H 
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id> 

id) 

(>0~1iOQ(c)                           ^H 

1                 £0. 

Mufotin. 

Blende  and  galena. 

Flint  and 
limestone. 

Too-tao(c}                 ^M 

^^B  "' 

OW'^ST- 

Galena, 
lUntaa. 

UofinishGd  blende  ore. 

PUnt     and 
Hmeatone, 

■ 

ZAac  Codpany . 

Pennsylvania. 

Blende. 

Limestone, 
quart*. 

i»o-iis(c)                 ■ 

Eiutu*  P.  Q., 

Pyrite,  chalcopyrite,  arseno- 
pyriie,  enaigite. 

OuflTta  and 
mica  Bchist. 

1 

^Ht4^ 

IffefcafcOienncal 

Capclton,  P.  Q,. 
Canada. 

«r*cnop>'T!te. 

Quartz  and 
mica  schist. 

Variable.                   H 

^■■sJ 

^^. 

Blende. 

FUnt. 

(0                         1 

^^V  s&.  Grmnbr  MininR  «nd 
1           " 

^£A 

Blende,  calamine,  smithson- 
ite.  galena,  cerrurite.  p^TO- 
morpHite    and  other  oxida- 
tion product*. 

Flint  and 
guarti ;  some 
dolomite    and 
calcite. 

6o                           ^J 

■^tl^ 

l^fli«liiA.Y. 

Ltadville, 
Colorado. 

Argentiferous  galena, 
pyrite.  blende. 

Quarts. 

H 

r    >»^ 

llo7«rliill. 

L«adville. 

Colorado 

ArgenttfcrouB  galena, 
pyiite.  blende. 

Quart*. 

ioo                                   ^M 

1     ^ 

C<xsp«ay. 

Bin^. 

Classl.tpyntc.                  i 
Cla»  II. :  pyrite,  galena,  > 
and  blende,                        ) 

Quartz,  and 
decomposed 
porphyr>'. 

t7S                                  ■ 

^H  91- SUvtr  Age  IfiU. 

Idaho  Springs* 
Colorado. 

Pyrite,  galena,  gray  copper, 
chalcopyrite     and     blende; 
carrying  gold  and  stiver. 

puarUand 
feldspar. 

40-50                   H 

Plat  Rivex.  St 
Prancots  County, 
IBsaourL 

Galena,  a  little  pyrite. 

Limestone. 

17$                       ■ 

^H                                                                                                                                          ^^1 
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Mill 
No. 

Name. 

Location. 

Economic  Minerals. 

Gangue. 

Capacity 
Hours.  Tons. 

33 

Flat  River  Lead 
Company. 

Flat  River. 
Missouri. 

Galena,  a  little  pyrite. 

Dolomite. 

100 

34 

Biine  la  Motte. 

Mine  la  Motte. 
Missouri. 

Galena,  a  httle  pyrite. 

Limestone  with 
sUica. 

ioo(/) 

»s 

St.  Joseph  Lead 
Company. 

Bonne  Terre, 
Missouri. 

Galena,  a  httle  pyrite. 

Dolomite. 

900 

36 

Btdlion  Beck  and 
Company. 

Eureka.  Utah. 

Galena,  cerrusite.  malachite, 
asurite,  silver   (as  sulphide, 
chloride,  arsenite  and  arse- 
niatc).    gold,    arsenite    and 
arseniate  of  copper. 

Quartz, 
limestone. 

300 

27 

Mines  Company. 

Mt.  Sneffles. 

Ouray, 

Colorado. 

Argentiferous  galena,  tetra- 
hedrite.      pyrit<^       blende, 
chalcopyrite. 

Quartz  and 
porphyry. 

Z30 

38 

Smu^ler  Mjning 
Company. 

Aspen,  Colorado. 

Native  silver,   argentiferotis 
calena.  pyrite,  argentiferous 
barite,  blende    and    smith- 
sonite. 

Blue  limestone 
and  quartz. 

100(c) 

39 

UteandUlayMill. 

Lake  City, 
Colorado. 

Pyrite,  blende,  chalcopyrite. 
tetrahedrite,    and    argentif- 
erous galena. 

Quartz. 

3SO 

30 

Bunky  HiU  and  SulU- 
van  Mininff  and  Con- 
centrating: Company. 

Kellogg.  Idaho. 

Argentiferous  galena,  pyrite. 

Quartzite  and 
siderite. 

S30 

31 

Gem  MiU  of  the  Mil- 
watikee  Mining  Compa- 
ny.. 

Gem.  Idaho. 

Argentiferous  galena  and 
blende. 

QuarU. 

300 

3a 

Helena  and  Frisco 

Gem,  Idaho. 

f  I.  Cerrusite  and  pyromor- 

phite. 
•  II.  Argentiferous  galena, 

pvrite.  chalcopyrite  and 

I.  Quarts  and^ 
iron  oxide. 

II.  Quarts. 

600 

33 

Last  Chance  MiU. 

Wardner.  Idaho. 

Argentiferous  galena. 

Quartz. 

75 

34. 

Morning  Mining 
Company. 

Mullan.  Idaho. 

Argentiferous  galena,  pyrite 
and  blende. 

Siderite  with 

300 

35- 

Union  Mm  of  the 
Standard  Mining 
Company. 

Wallace.  Idaho. 

Argentiferous  galena,  pyrite 
and  blende. 

Slate  and 
quartz. 

150-300 

36. 

Stem  Winder  Mill. 

Kellogg,  Idaho. 

Argentiferous  galena. 

QuarU. 

75 

37 

Buffalo  Hump  Mining 
Company.    Tiger    and 
Poor  man  Branch. 

Burke,  Idaho. 

Argentiferous     galena    and 
blende. 

Quartz. 

550 

38. 

Boston  and  Montana 
Consolidated  Copper 
and  Silver  Mining 
Company. 

Great  Falls. 
Montana. 

Chalcopyrite,  pyrite,    enar- 
gite.  and  bomite. 

Quartz  and 
decomposed 
feldspar. 

(C) 

39. 

Butte  and  Boston 
Mining  Company. 

Butte,  Montana. 

Bomite.  chalcopyrite,  enar- 
gite,    pyrite.    blende    with 
some  silver  minerals. 

Quartz  and 
decomposed 
feldspar. 

SCO 

40. 

Colorado  Smelting  and 
Mining  Company. 

Butte,  Montana. 

Pyrite.  blende,  bomite.  enar- 
gite.  chalcopyrite.  chalcocite, 
tetrahedrite  and  tennantite. 

Quarts,  decom- 
posed granite, 
and  barite. 

(*) 

41. 

Parrot  Silver  and  Cop- 
per Mining  Company . 

Butte.  Montana. 

Chalcocite,  bomite.  chalco- 
pyrite, enargite  and  blende. 

Quartz  and  de- 
composed   feld* 
spar. 

500-350 

4a. 

Anaconda  Copper 
Mining  Company. 

Carroll. 
Montana. 

Chalcocite.  chalcopyrite, 
pyrite,  enaigite,  blende. 

Quarto  and  de- 
composed feld- 
i«par. 

S500-S700 
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Location. 

Economic  Minerals. 

Gangoe. 

Capacity 
Hours.  Ions. 

43. 

outtc  RfidQCtion 
Works. 

Butte. 
Montana. 

Chalcodte,  bomite,  chalcopy- 
rite.pyrite,  blende. 

Quarts  and 
decomposed 
feldspar. 

ISO 

44. 

CahxmetandHecla 

s^a 

Native  copper, 
native  silver. 

RhyoHte  con- 
glomerate 
with  calcite. 
epidoteand 
martite. 

a64o(f) 

45- 

Company. 

SSS^. 

Native  copper, 
native  silver. 

Soft 
amvgdaloid 

450 

46. 

Osceola  ConaolidAted 
Sltning  Company. 

Houghton 
County. 
Mirhiff*^^ , 

Native  copper. 

Amygdaloid, 
ralcite. 
prehnite, 
magnetite. 

1260 

47. 

ConqMny. 

Hancock. 
Michigan. 

Native  copper. 

Amygdaloid. 

1700 — 1900 

4S. 

Tamarack  Mining 
Company. 

Houston  County. 

Mirhtgftn, 

Same  as  MiU  44. 

Same  as 
Mm  44. 

1500 

49. 

New  Smuggler 
Concentrator. 

C^Sdo. 

Same  as  MiU  38. 

Same  as 
MiU  28. 

las 

5S. 

ABartlettMill 

Arixona. 

Galena,  chalcopyrite.  blende. 

Hornblende 
and  quartz. 

ao(*) 

SI- 

(i) 

Yreka. 
California, 

Native  gold. 

Gravel. 

(m) 

S'. 

KiaOra  Gold  Dredging 
Company. 

OroviUc, 
California. 

Native  gold. 

Gravel. 

(«) 

SS' 

Hector  Mimng 
Company. 

TeUuride. 
Colorado. 

Pyritc,  chalcopyrite.    tetrahe- 
rite.  galena  and  free  gold. 

White  and 
blar  quarts. 

90 

54- 

Homsilver  Mining 
Company. 

Frisco.  Utah. 

Native  sUvcr,  ar^entite.  ceraig- 
yrite.  and  cemasite. 

Quartz,  cal- 
cite and 
siderite. 

100 

S5- 

Pandora  MiU  of 
Smuggler-Union 
Mining  Company. 

TeUuride. 
Colorado. 

Pyrite,    chalcopyrite.    galena, 
sphalerite,  several  arsenical  sU- 
ver  minerals,  occasionally  na- 
tive gold  and  silver. 

Quartz,    riio- 
docrosite.  cal- 
cite   and 
barite. 

130  {0) 

56. 

PtankHn  Mitww 
Company. 

Placerville. 
California. 

Native  gold. 

Conglomer- 
ate, with 
black  sand. 

60 

$7. 

North  Star  Mining 
Cooipany. 

Grass  VaUey. 
California. 

Free  gold,  auriferous  pyrites. 

Quartz. 

64 

$«. 

Maryland  Mining 
Company. 

Grass  VaUey. 

Free  gold,  auriferous  pyrites. 

Quartz  and 

slate. 

80 

59. 

Empire  MiU. 

Grass  VaUey. 
California. 

Native  gold,  auriferous  pyrites. 

Quartz  and 
slate. 

60 

60. 

W.Y.O.D.  MiU 

Grass  VaUey. 
California. 

Native  gold,  auriferous  pyrites. 

Quartz  and 
slate. 

34 

61. 

Taylor  Mine  of  Idle- 
wikiGcdd  Mining 
Company. 

Greenwood, 
California. 

Native  gold,  auriferous  pyrites. 

Quartz  and 

slate. 

iiS-xa8 

6j. 

Grand  Victory 

PlacerviUe, 
California. 

Native  gold,  auriferous  pyrites. 

Qxiartzand 
trap-like 

100-150 

63 

Bay  State  Mining 
Company. 

Cosumnes  River. 
California. 

Native  gold  and  auriferous 
pyrite. 

Quartz  in 
slate. 

so 

64 

^inidmanGold 
Mining  ComiMUiy. 

Sutter  Creek, 
Califoraia. 

Native  gold  and  auriferous 
pyrite. 

Quartz,  or 
quartz  in 
date. 

93  (P) 
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MiU 
No. 

Name. 

Location. 

Economic  Minerals. 

Gangue. 

Capacity 
Hours.  Tons, 

65. 

Madison  Mm  of  the 
Utica  Company. 

Angel's  Camp, 
Calaveras  County, 

Native  gold  and  auriferous 
pyrite. 

Soft  slate 
withqtaarts. 

X35  («) 

66. 

Homestake  Mini  Tig 
Company. 

Lead  City. 
South  DakoU. 

pyrite  and  arsenopyrite. 

Quarts  in 
mica  schist. 

400 

67. 

West  Waverly  Gold 
Mining  Company, 
Limited. 

Waverly. 
Nova  Scotia. 

Native  gold  and  arsenopyrite. 
galena,  pyrite.  chalcopynte. 
sphalerite. 

Quarts. 

50-65 

68. 

Montana  Mining 
Company,  Limited. 

Marysville. 
Montana. 

Native  gold,  tetrahedrite.  py- 
rite. chslcopyrite.  blende,  gale- 
na, arsenical  polybasite,  aigen- 
Ute. 

QuarU. 

slate. 

granite. 

calcite. 

manganese 

oxide. 

xos 

69. 

American  Developing 
and  Mining  Company. 

Gibbonsville. 

Auriferous  pyrites,  argentifer- 
otis  chalcopyrite. 

Slate,  quarts, 

calcite. 

hematite. 

97-xia 

70. 

Newton  Gold  Mill, 

Idaho  Springs, 
Colorado. 

Auriferous  pyrites  and  native 
gold. 

QuarU 

71. 

Kennedy  Mining  and 
Milling  Company. 

Jackson,  Amador 
County.  Cali- 
fornia. 

Native  gold  and  auriferous 
pyrites. 

QuarU  and 
slate. 

96  (r) 

7a. 

Keystone  Consolidated 
Mining  Company. 

Amador  City. 
California. 

Native  gold  and  atuiferous 
pyrite. 

QuarU  in 
slate,  or 
quarU. 

lao 

73. 

Utica  Mill  of  the 
Utica  Company. 

Angel's  Camp. 
Calaveras  Cotmty. 
Calif onua. 

Native  gold  and  auriferous 
pyrites. 

Quarts  in 

slate 

aio  (5) 

74. 

Stickles  Mill  of  the 
Utica  Company. 

Axijsers  Camp, 
Calaveras  County. 
California. 

(0 

(0 

aio 

75- 

Zeile  Mining  Company. 

Jackson.  Amador 

County. 

California. 

Native  gold  and  auriferous 
pyrites. 

QuarU.  with 
slate  and  tal- 
cose  slate. 

150 

76. 

Gentle  Annie  MiU. 

Placerville. 
California. 

Native  gold  and  auriferous 
pyrites. 

Quartz  in 
slate. 

is-is 

77. 

Hidden  Treasure  Mill. 

Black  Hawk. 
Gilpin  County. 
Colorado. 

Gold  and  sUver-bearing  miner- 
als      (pyrite,       chalcopyrite. 
blende,  tetrahedrite.  arsenopy- 
rite. galena.) 

QuarU  and 
feldspathic 
material,  cal- 
cite. siderite. 

8S 

78. 

Gates  Canvas  Plant  of 
Kennedy  Mining  and 
Alilling  Company. 

Jackson. 
Amador  County. 
California. 

(«) 

(«) 

lOO 

79- 

Keystone  Consolidated 
Biimng  Company. 

Amador  City, 
California. 

(f) 

(f) 

119 

80. 

Utica-Stickles 
Canvas  Plant. 

Calaveras  County. 
California. 

M 

(w) 

410 

81. 

Stephen  Lavagnino's 
Arrastras. 

Ca&omia.      ' 

ix) 

(*) 

i8-ao 

82. 

Montana  Mining 
Company,  Limited. 

MarysviUe, 
Montana. 

UkeMiU68. 

Like  Mill  68. 

IXO 

83. 

BtuekaHill 
Mming  Company. 

Eureka,  Tintic 
District,  Utah. 

Native  silver,  ceraigyrite,  gale- 
na, cerrusite.  anglesite,  mala- 
chite, asurite.  chrysocolla,  ar- 
semte  and  aneniate  of  copper. 

QuarU,     cal- 
ote.    siderite 
andriiodo- 
crosite. 

ISO 

84. 

Mammoth  liining 
Company. 

Mammoth,  Tintic 
District,  Utoh. 

Native  silver,  ceraigyrite.  ar- 
gentiferous barita,  flMMrito^ 
arsenita  waA  wmtaSaUm  of  cop- 

Qiiiiilsii 

nm 

85. 

Newton  Jigging  MilL 

IddioSiiriiigs. 

Like  Mill  70. 

UkeMi1l7o. 
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Name. 

Location. 

Economic  Minerals. 

Gangue. 

Capacity 
Hours.  Tons. 

86. 

Rocky  Mountain  MiU. 

Biack  Hawk.  Gil- 
pin County, 
Colorado. 

Gold  and  silver  bearing  pyrite, 
chalcopyrite.  blende,  and 
galena. 

Quartz  and 

disintegrated 

granite. 

75 

87. 

North   Star  on  Saltan 
MiU.  Silverton  Mining 
ComiMUiy. 

Silverton. 
Colorado. 

Native  gold,  pyrite,  chalcopy- 
rite, galena,  tetrahedrite.  bor- 
nite.  stibnite. 

Quartz,  cal- 
cite,  riiodo- 
chrosite  and 
barite. 

1*5 

88. 

Victoria  Mill. 

Silverton. 
Colorado. 

Galena,     chalcopyrite.    pyrite 
and  tetrahedrite. 

Quartz  and 
•porphyry" 
(quartz 
andesite). 

75 

89. 

Hartsell  Concentrating 
Company. 

Alburtis, 
Pennsylvania. 

Magnetite. 

Siliceous 
with  no 
phosphorus 
or  sulphur. 

ia5  ic) 

90. 

New  Jersey  Iron 
Mining  Company. 

Port  Oram, 
New  Jersey. 

Blagnetite. 

Quartz  with 
some  apatite. 

91 

Edison  Magnetic  Con- 
centrating Plant.  New 

▼ania  Concentrating 
Company. 

Edison. 
New  Jersey. 

Magnetite. 

Feldspar 
with  a  little 
quartz  and 
apatite. 

4000  (y) 

9a. 

Wetherill  Magnetic 
Concentrating  Plant. 
Sterling  Iron  and  Zinc 
Company. 

E^nklin  Furnace, 
New  Jersey. 

Franklinite.  willemitc,  fowler- 
ite.  zincite,  tephroite. 

Quartz, 

calcite, 

garnet, 

mica, 

graphite. 

aoo  (») 

93 

Wythe  Lead  and  Zinc 
Mine  Company. 

Atistinville, 
Virginia. 

Limonite,  smithsonite,  wille- 
mite,  cerrusite. 

Dolomite 
and  quartz. 

80  (r) 

94. 

Leadville  Gold  and         JLeadville. 
Silver  Extraction           Colorado. 
Company.                        | 

Native  gold  and  cerrusite. 

Gray  por- 
phyry with 

75 

(a)  Probably  in  10  hours.  (&)  In  9  hours,  (c)  In  10  hotirs.  {d)  Similar  to,  but  richer  than  in  Mill  10. 
(«)  Rock  house,  60  tons  in  10  hours;  mill,  50  tons  in  10  hours.  (jF)  In  22  hours,  (g)  Capacity  of  each  roll 
lection,  300  tons  in  34  hours;  of  steam  stamp  section,  350  tons  in  24  hours.  (Jk)  a  75  to  300  tons  per  24  hours 
for  the  section  treating  ore  from  the  company  mine,  and  1 2  5  to  z  50  for  the  section  treating  custom  ores.  («)  For 
each  of  the  two  mills,  (ik)  In  z  z  hours.  (/)  A  gold  dredging  plant,  (m)  Theoretical,  a. 000  cubic  yards  in 
14  hours;  actual  1.600  or  less.  (n>  Theoretical.  3.500  cubic  yards  per  34  hours;  average,  less  than  half  this 
smount.  io)  Since  increased  to  300.  (f>)  Since  enlarged  to  Z45  tons,  iq)  Since  changed  to  about  aoo  tons, 
(f)  Since  enlaxged  to  about  135  tons,  (s)  Since  changed  to  300  tons,  {t)  Similar  to  Mill  73.  (m)  The  mill 
treats  the  tailings  of  Mill  71.  (v)  The  mill  treats  the  tailings  of  Mill  73.  (tv)  The  mill  treats  the  tailings  of 
Mills  73  and  74.  ix)  Material  is  tailings  from  Mill  80.  (y)  In  30  hours,  (s)  A  second  mill  erected  by  this 
company  has  a  capacity  of  ir4oo  tons  in  so  hours. 


CHAPTER  I. 


GENERAL  PRINCIPLES. 

§  L  The  preparation  of  ores  for  the  smelter  by  mechanical  means,  whereby 
llie  valuable  minerals  are  concentrated  into  smaller  bulk  and  weight  by  the  separa- 
tion of  fiome  of  the  waste,  or  whereby  two  vahiable  minerals  are  separated  from 
ch  other,  ia  called  Ore  Dressing  ( Auf bereitung,  Ger.;  Preparation  Meehanique, 
_r.).     Several  other  names  are  also  in  common  use  in  the  English  language. 
liamely,  "concentration  of  ores/'  **washing  of  ores/'  and  *'rediiction  of  ores/ 
The  latter  phrase  is  not  to  be  commended,  as  it  really  belongs  to  metallurgy, 
and  its  use  in  ore  dressing  produces  a  confusion  of  ideas. 

The  advantages  gained  by  concentrating  the  valuable  minerals  into  a  smaller 
bulk  are ;  first,  that  the  cheaper  mechanical  method  of  rejecting  the  waste  material 
is  substituted  for  the  more  expensive  chemical  method  of  the  smelting  furnace ; 
and  secondly,  the  rejected  waste  material  is  not  shipped,  and  this  saves  freight. 
the  case  of  non-metalliferous  ores,  such  as  graphite,  emery  and  precious 
jnes,  the  mechanical  method  is  the  only  one  available. 

The  advantage  gained  by  separating  two  valuable  minerals  from  each  other 
liea  in  the  fact  that  the  mineral  of  less  prominence  is  advanced  from  being  of  no 
value  or  even  a  positive  detriment,  to  being  a  standard  ore,  salable  to  smelting 
works;  while  the  mineral  of  more  prominence  has  advanced  in  selling  value  from 
being  a  poorer  grade  of  ore  to  being  a  better  one,  and  commands  a  higher  price  in 
consequence. 

To  illustrate  the  advantage  of  smelting  a  concentrated  ore  over  direct  smelting, 
let  us  assume  an  ore  containing  8%  of  lead;  cost  of  mining,  $2  per  ton;  con- 
centrating, $0.60  per  ton;  smelting,  $9  per  ton  for  mine  ore  and  $8  per  ton 
for  concentrates,  (in  some  cases  concentrates  are  smelted  without  charge,  par- 
tieularly  where  they  contain  much  iron);  freij^ht  charges,  $1.50  ppr  ton:  100 
tons  of  ore  concentrated  into  10  tons;  loss  of  metal  15%  in  concentrating,  10% 
in  smelting  mine  ore  and  8%  in  smelting  concentrates.  Then  the  account  for 
treatment  by  direct  smelting  will  stand: 

Mining  100  tons  ore  at  $2.00  per  ton $200.00 

Freight  on  100  tons  ore  at  $L50  per  ton • 150.00 

Smelting  100  tons  ore  at  $9.00  per  ton • 900,00 

$1,250.00 


Betum  from  14,400  pounds  lead  at  3^  cents  per  pound $504.00 


BalADce  of  loea. 


%1^&A<^ 


2  ORE  DRESSma.  §  2 

The  account  for  treatment  by  concentrating  and  smelting  will  stand: 

Cr.    Mining  100  tons  ore  at  $2.00  per  ton $200.00 

Concentrating  100  tons  ore  at  $0.60  per  ton 60.00 

Freight  on  10  tons  concentrates  at  $1.50  per  ton , 15.00 

Smelting  10  tons  concentrates  at  $8.00  per  ton 80.00 

$355.00 

Dr.    Return  from  12,512  pounds  lead  at  3}  cents  per  pound 437.92 

Balance  of  profit $82.92 

If  there  was  no  freight  to  be  paid  in  either  case,  there  would  still  be  a  loss 
of  $596  on  100  tons  of  ore  by  direct  smelting,  while  the  combined  processes  would 
yield  a  profit  of  $97.92. 

§  2.  Ore  dressing  makes  use  of  the  physical  properties  of  minerals  and  rocks; 
and  the  difference  in  behavior  between  the  valuable  and  waste  minerals  affords 
methods  for  the  separation  of  the  former  from  the  latter.  Physical  properties 
of  interest  in  ore  dressing  are: 

Hardness. 

Tenacity  and  brittleness. 

Structure  and  fracture. 

Aggregation. 

Color  and  luster. 

Specific  gravity  and  settling  power. 

Adhesion. 

Oreasiness. 

Magnetism. 

Change  in  condition  by  heat  from  non-magnetic  to  magnetic. 

Change  in  mechanical  condition  by  heat  from  dense  to  porous. 

Decrepitation  by  heat. 

Some  facts  about  these  physical  characters  are  given  in  the  following  pages. 
The  properties  that  have  most  effect  upon  crushing  will  be  taken  up  first 

Hardness. — Minerals  differ  greatly  in  their  hardness,  ranging  from  the  hard- 
ness of  the  diamond  to  the  softness  of  talc,  their  ability  to  scratch  one  another 
being  considered  the  measure  of  hardness.  The  table  of  hardness  adopted  by 
Dana  in  his  "Mineralogy"  is  as  follows: 

10  Diamond         8  Topaz  6  Feldspar  4  Fluorite         2  Gypsum 

9  Sapphire  7  Quartz  5  Apatite  3  Calcite  1  Talc 

Each  mineral  in  the  list  can  scratch  all  those  below  it.  Hardness  affects  the 
wear  of  crushing  machines — the  harder  the  mineral  the  greater  the  wear.  It 
does  not  necessarily  affect  the  tendency  of  the  mineral  to  produce  fine  slimes  in 
crushing. 

Tenacity  and  Brittleness. — Some  minerals,  such  as  horn  silver,  native 
copper,  mica,  talc  and  gypsum,  are  very  tough,  though  they  may  at  the  same 
time  be  soft,  and  this  makes  them  difficult  to  break.  Some  forms  of  hornblende 
and  feldspar  exhibit  extraordinary  toughness,  although  they  are  not  very  hard; 
other  minerals  are  brittle  and  break  up  with  comparative  ease,  as,  for  example, 
some  varieties  of  quartz.  A  hard,  brittle  mineral  will  slime  much  more  tnan 
one  which  is  soft  and  tough. 
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vrrrRE. — The  sfriictiire  of  a  mineral  tend?  to  modify  the 

resu]tiiig  from  cmshing.     Cleavable  minerals  may  break 

[to  cubteai   bl<»cks«,  ns  galena;  inlo  c'luiijL'alt^J   fragments,  as  galena,  feldspar, 

Icite  and  gphalcrite;  into  needle-like  or  tlireml-like  shapes,  as  asbestus;  or  into 

It  *<'alfs*^  as  galena,  mica,  graphite  and  talc.     Granular  minerals  will  drop 

— "        '  ^-i^r  rounded  grains  when  broken  up,  as  magnetite,  garnet  and 

uL     MineralB  with  mas^^ive  structure,  free  from  any  special 

iuicy  m  one  more  than  in  another  direction,  may  have  earthy  tvac- 

e^  #0  i  ;  or  conchoidal    (oyster  shell-like),  as  pyrite  crystal,  quartz 

cmtal  and  ub^idian.     The  shapes  of  these  grains  have  an  important  bearing 

apcm  Ihctr  power  to  eettle  in  water  or  in  air. 

Ui XESJ^L  Aggregation. — The  valuable  minerals  may  occur  in  pure  massei, 
m»  ID  the  banded  vein  structure  and  in  pockets  or  vugs.  They  may  also  be  in 
targe  crystals  mixed  uith  the  waste  minerals.  Both  these  conditions  are  favor* 
Me  for  c<)inplete  separation.  On  the  other  hand  they  may  occur  much  inter- 
mmglcHl  with  the  waste  minerals:  either  in  granular  structure,  that  is  to  say, 
finioded  .  r  small,  compact  crystals;  or  of  an  acicular  structure,  in  long 

ntedle-lik  is,  the  valuable  and  waste  minerals  penetrating  each  other  in 

all  difection^,  to  the  eye  a  hopeless  tangle ;  or,  finally,  of  laminated  structure,  in 
lin  layers  alternately  of  good  and  worthless  mineral.     All  of  the  latter  stmc- 
idd  difficulty  to  the  problem  of  ore  dressing, 

m  physical  properties  that  have  most  to  do  with  separation  will  be  con- 
iejvii  nejtt. 

:)R  AXD  LrsTEtt. — These  qualities  are  of  the  greatest  value  in  hand  pick- 
Slight  differences  in  color  or  in  luster — for  instance,  the  brass  yellow  of 
pyrite,  the  pale  yellow  of  pyrite,  the  white  of  arsenopyrite,  the  vitreous 
of  f^uartz,  the  resinous  of  sphalerite,  the  adamantine  of  diamond  and 
eemti  dull  of  chalk  and  the  pearly  of  talc — furnish  valuable  aids  in 

Spzcinc  Obavitt. — The  difference  in  specific  gravity  of  minerals  affords  one 
sureiit  mciins  of  separating  them  from  each  other.  Specific  gravity  may 
ined  afi  the  ratio  of  the  weights  of  equal  volumes  of  substances.  For 
lience,  distilled  water  at  tiO**  F.  is  usually  taken  as  the  standard  of  compari- 
ioiL  One  cubic  centimeter  of  quartz  weighs  2,653  grams,  while  one  cubic  centi- 
meter of  water  weighs  1  gram.  One  volume  of  quartz,  therefore,  weighs  2.653 
lilMs  m  much  as  one  volume  of  water  at  GO**  F.  In  like  manner  one  volume  of 
ropper  is  found  to  be  8. R  times  as  heavy  as  one  volume  of  water.  The  specific 
gravitj  of  quartz  is,  therefore,  said  to  be  2.6BZ,  while  that  of  copper  is  8,8. 

We  can  go  still  further  and  compare  the  copper  with  the  quartz,  with  the 
ahdfe  fignres  as  a  basis,  and  divide  8,8  by  2.653,  which  gives  3.317,  from  which 
we  laoDcliidc  that  one  volume  of  copper  Is  3.317  times  as  heavy  as  one  volume  of 

aiJj  also  vary  in  specific  gravity*     Ocean  water  is  denser  than  fresh  water; 
r  is  denser  than  ocean  water.     Unless  some  adverse  condi- 
denser  the  water  the  better  will  it  serve  for  the  separation 
^^iBeralii. 

A  tahfe  of  specific  granties  of  minerals  taken  from  Dana's  "System  of 
ICotnlogy/'  189^,  is  given  in  the  appendix,  comprising  minerals  which  are 
rti-  Taws  Tint  to  be  present  in  the  ore  deposits  of  this  conntiy,  A  few 
aro  also  included  for  convenience.  Against  many  of  the 
-  ' -^  :zWen — thus,  the  specific  gravity  of  quartz  is  said  to  be 
frotji  !i  shows  that  its  specific  gravity  is  not  absolutely  con- 

itant.  "   lire  to  the  other. 

M  jences  in  specific  gravity  of  the  mitieTaU  tuim^ 
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the  most  valuable  means  for  their  separation,  and  this  property  may  be  enaployed 
in  two  different  ways,  namely,  as  affecting  settling  power,  or  as  affecting 
momentum. 

Settling  Power  of  the  Particles  in  Air,  Water,  or  Other  Media. — In  general 
it  may  be  said  that  of  two  particles  of  the  same  size  and  shape,  the  heavier  will 
settle  faster  than  the  lighter,  and  of  two  particles  of  different  specific  gravities 
and  the  same  settling  velocity,  that  with  the  higher  specific  gravity  will  be  of 
smaller  diameter  than  the  other.  The  ratio  between  these  two  diameters  will 
have  an  approximately  constant  value  under  similar  conditions,  and  these  arc 
called  settling  ratios. 

Momentum. — ^When  a  particle  is  given  a  high  velocity  in  a  horizontal  direc- 
tion, the  path  it  follows  is  called  its  trajectory.  Of  two  particles  of  the  same 
size  and  shape,  the  heavier  will  have  the  longer  trajectory,  and  of  two  particles 
with  different  gravities  but  the  same  trajectory,  that  with  the  higher  gravity 
will  be  of  smaller  diameter  than  the  other. 

Adhesion  has  its  place  in  plate  amalgamation.  When  clean  particles  of 
gold  are  coated  with  mercury  and  brought  into  contact  with  an  amalgamated 
copper  plate,  the  gold  adheres  to  the  plate,  while  the  quartz  particles  witti  which 
the  gold  was  associated  do  not  adhere.  The  gold  is  thereby  separated  from  the 
quartz.  If  the  mercury  is  clean  the  capillarity  is  concave  or  positive,  like  that 
of  water,  and  the  gold  adheres  strongly;  if  the  mercury  is  sick  or  foul,  the 
capillarity  is  convex  or  negative,  and  the  gold  is  lost.  It  is  purely  a  matter  of 
capillarity  and,  therefore,  belongs  among  the  physical  properties  of  the  minerals. 

Diamonds  adhere  to  a  greasy  surface,  while  quartz  does  not,  effecting  thereby 
an  economical  separation. 

Greasiness. — ^This  is  the  term  used  to  express  the  tendency  of  minerals  to 
float  on  the  surface  of  water  as  if  they  were  greasy.  It  is  caused  by  the  aver- 
sion of  the  surface  of  the  particle  to  become  wetted.  The  particle  may  carry 
an  air  bubble  down  with  it,  which  later  floats  it  to  the  surface,  or  its  dry  surface 
may  prevent  its  sinking  at  all,  the  particle  floating  at  the  base  of  a  little  dimple 
or  depression  on  the  surface  of  the  water.  This  causes  much  trouble  in  ore 
dressing.  All  minerals  exhibit  the  tendency,  but  with  some  species  it  is  very 
marked;  for  instance,  in  native  copper,  native  gold,  cassiterite,  sphalerite, 
graphite,  and  some  of  the  silver  minerals.  This  property  may  be  regarded 
rather  as  a  difficulty  to  overcome  than  as  a  help,  for  the  reason  that  it  cannot 
be  depended  upon — at  one  moment  a  given  grain  will  float,  at  another  it  will 
sink.  An  approach  toward  a  useful  effect  may  be  gained  by  forcing  large 
quantities  of  air  in  fine  bubbles  to  the  bottom  of  the  sand  in  a  water  tank.  The 
floating  scum,  when  caught  by  gently  dipping  transverse  gates,  often  gives  a 
higher  assay  than  any  product  in  a  mill. 

Magnetism. — The  attraction  to  the  magnet  is  quite  strong  in  some  minerals 
and  metals,  notably  magnetite,  some  forms  of  pyrrhotite,  cast  iron,  wrought 
iron,  steel,  nickel  and  cobalt.  Other  minerals,  such  as  franklinite,  chromite, 
serpentine,  black  blende,  garnet,  etc.,  have  very  weak  magnetism.  Still  others, 
such  as  quartz,  calcite,  gypsum,  feldspar,  etc.,  exhibit  no  attraction  at  all.  By 
using  properly  constructed  magnets  this  property  may  be  made  of  great  valu^ 
not  only  separating  the  magnetic  from  the  non-magnetic,  but  those  that  are 
more  magnetic  from  those  that  are  less  so. 

Change  of  Magnetism  by  Heat. — Certain  minerals,  especially  those  of 
iron,  when  heated,  lose  oxygen,  carbonic  acid  or  sulphur,  and  are  changed 
from  being  non-magnetic  or  only  slightly  magnetic  to  fffcrongly  magnetic.  The 
magnet  may  then  be  employed  for  separating  them  from  non-magn^c  minerals. 

Change  op  Porosity  by  Heat. — Certain  minerals,  for  example,  pyrite,  if 
Aeated  gradnaWy  sufficiently  high  and  for  a  sufficient  time,  part  with  some 
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volatile  ingredient,  for  example  sulphur,  and  by  becoming  porous  they  change 
to  a  lower  specific  gravity,  and  can  then  be  separated  from  minerals  whose 
specific  gravi^  was  equal  to  theirs  before  the  heating  took  place. 

Decrepitation. — Some  minerals,  when  laid  upon  a  hot  plate,  decrepitate  or 
fly  to  pieces  through  the  unequal  expansion  which  overcomes  the  cohesion  of  the 
molecules.  Calcite,  fluorite  and  barite  are  examples  of  this.  A  mineral  which 
decrepitates  may  be  separated  from  one  which  does  not,  by  decrepitating  and 
sifting;  the  latter  mineral  will  be  found  on  the  sieve,  while  that  which  was 
finely  decrepitated  will  have  gone  through. 

The  Use  of  Supplemsntaby  Prikoiples. — ^A  process  usually  consists  of 
two  or  more  successive  steps,  in  which  the  later  is  supplementary  to  the  earlier. 
Thus,  sorting  in  classifiers  is  followed  by  sizing  on  slime  tables ;  and  sizing  by 
screens  is  followed  by  sorting  on  jigs.  In  each  case  the  first  step  prepares  the 
ore  for  the  second,  and  the  second  supplements  and  completes  the  work  which 
the  first  step  was  incapable  of  performing  alone.  Neither  step  is  complete 
without  the  other. 

The  use  of  graded  crushing  and  graded  separation  to  diminish  the  amount  of 
alimes  produced  is  quite  frequently  resorted  to  with  brittle  minerals. 

§  3.  Ore  dressing  is  divided  into  two  parts,  severing  and  separating: 

1.  Severing  or  Detaching. — The  valuable  minerals  as  they  occur  in  the  rock, 
are  attached  to  waste  minerals,  and  to  sever  the  one  from  the  other,  the  various 
steps  of  breaking,  crushing  and  comminuting  are  used. 

2.  Separating. — After  the  crushing  has  severed  the  valuable  minerals  from 
the  waste,  the  two  are  still  mixed  together ;  and  the  true  separation,  which  puts 
the  good  ore  into  the  store  bin  and  sends  the  waste  to  the  dump^  must  then  take 
place. 


PART  I. 
BREAKING,  CRUSHING,  COMMINUTING. 
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BREAKING,  CRUSHING,  COMMINUTING. 

The  valuable  minerals  occur  associated  with  and  attached  to  waste  rock,  and 
before  any  separation  can  take  place  the  one  mineral  must  be  severed,  detached 
or  unlocked  from  the  other,  and  this  is  done  by  one  or  more  of  the  following 
means:  blasting  in  the  mine;  calcining  by  fire;  steam  hammers;  drop  hammers; 
hand  hammers;  rock  breakers;  crushing  rolls;  steam  stamps;  gravity  stamps; 
and  the  various  fine  grinders.  The  several  operations  and  machines  will  be 
taken  up  somewhat  in  the  order  of  sizes  of  rock  which  they  treat,  those  which 
treat  larger  lumps  being,  as  a  rule,  considered  earlier. 

Crushing  machines  may  be  diyided  into  three  great  groups,  namely:  those 
which  break  by  pressure;  those  which  break  by  a  blow;  and  those  which  break 
by  abrading  or  grinding.    These  principles  are  discussed  in  Chapter  VII. 


CHAPTER  II. 

PRELIMINARY  CRUSHINa 

Preliminary  cmsfaing  is  done  by:  blasting  in  the  mine;  calcining  for  fria- 
Wlity»  with  or  without  quenching;  by  sledging,  spalling  and  cobbing  hammere; 
Ctetm  haxnmeTB  and  drop  hammeiB;  rock  breakers;  special  forme  of  rolk;  log 
wwabi&s  and  wash  trommels. 

§4.  Blasting  ix  the  Mine. — Though  strictly  speaking  this  operation  lies 
outside  the  realm  of  ore  dressing,  it  may  be  made  to  help  or  to  hinder  the  con- 
centration which  follows,  according  to  the  manner  in  which  it  is  conducted. 
For  CJiample,  high-power  explosives  break  the  rock  much  smaller  than  those  of 
low  power,  and  lessen  the  work  of  the  hammer  and  rock  breaker  very  mate- 
riall;.  On  the  other  hand,  if  the  valuable  minerals  are  brittle,  a  high  explosive 
may  cause  too  large  an  amount  of  fines,  leading  to  subsequent  loss  in  the  mill. 
The  occxurence  of  the  ore  in  the  vein  is  often  in  a  pay  streak  of  limited  widths 
and  when  this  happens  the  bore  holes  may  be  put  in  barren  adjacent  rock.  With 
this  precaution,  the  pulverizing  effect  of  the  high -power  explosives  may  extend 
to  barren  rock  only,  and  the  advantage  of  breaking  small  be  obtained  from  its 
ufpe,  without  the  disadvantage  of  pulverizing  the  ore.  In  deposits  where  the 
abore  precaution  cannot  be  taken,  and,  as  a  result,  an  undue  quantity  of  fines 
u  being  formed,  a  lower  power  explosive  may  be  resorted  to  as  a  cure  for  the 
eriL 

§5,  Calcining  for  Friability*  with  oe  without  Quenching  by  Water, 
— When  an  ore  is  heated  by  fire  the  minerals  are  cracked  and  fissured  in  all 
directions  by  the  unequal  expansion,  rendering  them  very  friable,  and  if  they 
are  dropped  into  water  when  hot  the  effect  is  increased.  Thi^  operation 
ificmaee  the  capacity  of  the  crushing  machines  which  follow,  but  at  the  same 
tisie  it  increases  the  tendency  to  slime,  and  also  the  tendency  of  sulphides  and 
^Iber  minerals  to  decompose  in  such  a  way  as  to  affect  the  subsequent  treatment, 
"tbCT  favorably  or  unfavorably.  An  instance  is  recorded  in  which  calcined 
irt?  vi»'!il('cl  15%  more  slimes  than  raw*  quartz,  when  crushed  by  stamps." 
At  Tg,  Sweden,  in  the  works  of  the  Vieille  Montague  Co.,  coarse  ore 

by  heating  in  kilns,  in  order  to  lessen   wear  on   the  crushing 
Quenching  with  water  was  tried,  but  the  blende  decrepitated  to 
an  extent  as  to  cause  serious  loss  in  slimes,  and  it  was,  therefore,  given 
op  **     At  Allevard,  France,  spathic  iron  ore  is  "softened"  by  calcining,  so  that 
~  can  be  separated  much  more  easily  than  without  calcining.''* 

vony,  tin  ore  is  sometimes  made  friable  by  heap  roasting,  with 
in,  CI  roots  for  fuel.'     At  some  of  the  corundum  mines  in  North 

arohna.  ,  ..  ;t:e  blocks  of  hornblende,  feldspar  and  gneiss  are  prepared  for 
the  rock  breakers  by  building  a  fire  on  them,  and  then  suddenly  throwing  on 
water.** 

Bbsjiicino  bt  Hahmers,  with  or  without  Hand  Pickinq. 

g  6.  namm«^r«  are  used  for  breaking  the  lumps  that  are  too  large  for  the 
mafhrne  breakers ;  or  to  aid  Imnd  picking,  by  which  clean  ore  is  set  aside  for 
Ihe  cmHter,  and  c!ean  waste  for  ihe  dump.  Hammers  of  several  kinds  are 
^Ipdr  sledges,  Bpalling  hammere,  cobbing  hammers,  steam  hammers,  and  dto^ 
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Hand  Sledges. — These  are  two-hand  hammers  and  are  used  in  all  mining 
regions  for  sledging,  ragging  or  breaking  the  larger  rocks  to  bring  them  to  a 
size  which  will  enter  the  jaws  of  the  machine  breaker.  Where  the  valuable 
mineral  cleaves  from  the  waste  rock  in  compact,  rich  fragments  of  suflScient 
size,  hand  picking  accompanies  this  work. 

Two  chief  types  of  hammers  appear  to  find  favor:  those  with  beveled  edges 
are  shown  in  Fig.  1 ;  those  with  sharp  edges  are  shown  in  Fig.  2L    One  hammer 
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no.  1. 
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no.  2. 


o-* 


FIO.  3. 


FIO.  4. 


with  a  sharp  pean  running  at  right  angles  to  the  handle  is  shown  in  Fig.  3. 
The  advantage  of  two  faces  on  a  hammer  is  that  it  can  be  used  twice  as  long 
before  it  has  to  be  re-faced.  The  claim  for  the  sharp-edged  face  is  that  a  skill- 
ful operator  can  cleave  the  rock  with  the  edges  and  thus  effect  a  more  perfect 
separation  of  the  valuable  mineral  from  the  waste.  To  maintain  the  edges, 
these  hammers  have  to  be  faced  up  more  often  than  those  with  beveled  edges. 
The  sharp  pean,  set  at  right  angles  to  the  handle,  such  as  is  used  in  Mill  28, 
(see  Fig.  3),  has  the  advantage  that  cleavage  strokes  of  great  accuracy  can  be 
made  with  it.  Some  managers  claim  that  the  skill  of  the  workman  is  all 
important,  and  that  the  shape  of  the  hammer,  whether  square  faced  or  beveled, 
is  a  matter  of  indifference.     Others,  maintaining  the  virtues  of  the  square  face, 

TABLE   2. — SLEDGES   USED   IN    THE   MILLS. 


No. 


LooaUtif. 


Face. 


Weight. 
Founds. 


Length 

of  handle. 

Inches. 


Shown  In 
Fig. 


18 

88 
80 
40 
48 


Eustis,  P.  Q 

Aspen,  Oolo 

CoBur  d'Altoe,  Idaho. 
Butte,  Mont 


Lake  Superior,  Bfich. 
SUverton,  Colo.* 


Sharp  edges. 
Sharp  edges  and 

sharp  pean. 
Beveled  edges. 

Beveled  edges. 

Sharp  edges. 
Beveled  edges. 


istoie 

IS 

12 
10  for  soft  rock. 
16  ''  hard   *' 


"^ 


» 
88 
84 
86 

84 

80 


«  lfl,000  feet  above  sea  level 


dissent  from  the  latter  proposition,  while  they  agree  to  the  former.  Table  2 
gives  some  sizes  and  forms  of  sledges,  and  the  localities  in  which  they  are  used. 

It  is  noteworthy  that  the  lightest  sledge  recorded  (10  pounds),  is  used  in  the 
light  air  of  a  very  high  altitude — 12,000  feet  above  sea  level.  It  will  be  noticed 
that  Mill  40  uses  a  lighter  hammer  for  soft  rock  and  a  heavier  one  for  hard  rock. 

In  regard  to  the  length  of  handle,  the  mill  practice  as  found,  ranges  from  28 
to  36  inches  gross  length.  As  a  general  principle,  the  longer  the  handle  the 
greater  the  speed  of  the  blow,  but  beyond  36  inches  the  heavy  sledges  become 
unwieldy. 

In  most  of  the  mills  where  sledges  are  used,  they  serve  only  to  facilitate  hand 
picking  (see  Chapter  XIII.),  the  principal  part  of  the  breaking  being  done  by 
machine ;  but  in  Mills  2  and  14  all  of  the  breaking  is  done  by  hand.  In  Mill 
77  such  ore  as  needs  to  be  broken  before  being  fed  to  the  stamps,  is  broken  by 
siedgBB.    The  machine  breaker^  in  this  case,  however,  would  w  used  if  there 
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were  gufficient  height.*    In  Slill  25,  ore  is  broken  by  sledges  small  enough  to 
feed  to  the  J>xl5-mcb  Blake  breaker:?. 

§  7.  Spallino  Hammebs. — These  are  two-hand  bammers,  but  are  much  lighter 
than  sledges;  and  the  operation  of  spelling  i?  the  breaking  of  moderate  sized 
lumps  down  to  a  uniform  size,  with  swift,  light  blows;  for  example,  bringing 
pyrite  down  to  a  Riitable  size  for  kiln  roasting^  with  the  minimum  production 
of  fines.  The  spatling  hammt-rs  used  at  Mill  13  (Fig.  4)  are  of  two  sizes,  which 
weigh  2  and  3  pounds  respectively,  each  of  which  has  a  27-inch  handle.  The 
larger  hammer  is  of  l|-inch,  the  smaller  of  l|-incb  square  steel,  expanded  at 
the  eye  for  strength.  Each  is  6  inches  long  and  the  faces  are  rounded  almost  to 
a  hemisphere,  and  with  them  5-inch  cubes  are  broken  to  2  inches  in  size.  What 
appears  to  be  the  best  form  of  handle  for  a  spalling  hammer  is  much  smaller 
in  the  middle  than  at  the  ends.  It  is  30  to  36  inches  long,  about  1|  inches 
thick  at  the  hand  end,  about  1  inch  thick  at  the  hammer  end,  but  shaved  down 
to  J  inch  for  a  distance  of  10  inches,  beginning  6  inches  from  the  hammer.  Such 
a  handle  has  withstood  five  months  of  constant  nee  by  a  careful  man,  while  the 
average  life  of  an  ordinary'  handle  is  scarcely  four  days,^"  In  addition  to 
increasing  the  life  of  the  handle,  the  flexibility  eaves  the  shock  to  the  workman's 
handg. 

ae  capacity  of  a  man  for  spalling  is  given  by  the  authorities  as  foUows; 


Pounds  per  hour. 

Material. 

Blse  of  product. 

LialEeiilMcli 

PWfOi 

Rlttlnger... 

1,450 
850  to  085  (SJi  to  614  cubic  feet). 

OrdiMty  BUlj^lde  ore. 
Average  orw. 

6     iJichea. 

I  8.  Cobbing  Hammers. — These  are  small  one-hand  hammers,  and  the  object 
of  cobbing  is  to  cleave  and  to  hand  pick  the  good  ore  from  the  refuse.  The 
cobber  generally  gits  doTvn  to  his  work.  A  good  form  of  cobbing  hammer  has 
at  one  end  a  sharp  wedge-shaped  pean  placed  either  parallel  to  or  at  riglit  angles 
with  the  handle;  and  at  the  other  end,  a  flat  face  with  sharp  edges;  and  weighs 
from  2  to  4  pounds.  The  flat  face  h  used  for  the  harder  strokes,  the  sharp 
pcan  for  the  finer  work.  The  sharp-edged  pean  at  right  angles  to  the  handle 
us  the  advantage  that  one  can  strike  a  truer  blow,  and  cleave  the  good  ore 
from  the  refuse  more  perfectly.  The  pean  parallel  to  the  handle  has  the 
advantage  that  the  fragments  fly  to  right  and  left  instead  of  toward  and  away 
from  the  operator.  No  cobbing  hammers  were  found  in  use  in  the  mills  visited 
by  the  author.  Various  sizes  of  hammers,  quoted  from  difiEerent  authors,  are 
indicated  in  Table  3* 

TABLE  3. — ^HAMMERS  QUOTKD  FEOM  AUTHORS. 


lialoo  de  k  OoupOltofvt 


fitedfrlDR. 


Poundfi 


10  to  Vi 

8tom 


8p&Ut0e. 


Welftht. 
Founds. 

4  or  5 

!ato4. 
5  to  S  for 
tooirh«st  rock 

9H  to  4H 


Handle  l«ingtli. 


Cobbing^. 


Weight. 


■oft  rock. 

3  to  4  for 
hard  rock. 
SJI  to  2.6 
About  a.s 


2to4 


Handle  length. 
Iticbes, 


10  to  19 


About  la 


t  Sometimes  tu  light  as  G  poundji. 


9  th9  Abvfv  woa  written  It  haa  been  fwma  poeiUbh  to  introduoe  RiAchlne  brcAker^,  &Ad  tbnf  KT^iMni 
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§  9.  Steam  Hammers  of  large  size  were  formerly  used  in  the  Lake  Superior 
region,  at  Mine  44.  These  hammers  weighed  a  ton  or  more  and  were  lifted  and 
forced  downward  by  steam  cylinder  and  piston,  in  the  same  manner  as  large 
forging  hammers.  For  convenience,  the  anvil  was  placed  on  a  level  with  the 
floor  to  make  easy  the  placing  of  rock  masses  and  the  removal  of  the  fragments. 
The  use  of  higher  power  explosives  in  the  mine,  and  of  larger  rock  breakers  in 
the  rock  houses  has  done  away  with  this  machine. 

A  small  steam  hammer,  made  by  William  Sellers  ft  Co.,  is  used  in  the  rock 
house  of  Mine  47  for  cleaning  mass  copper  from  adhering  rock.  The  cylinder 
is  10  inches  in  diameter,  with  stroke  18  inches  long.  The  steam  pressure  is 
60  pounds  per  square  inch;  the  number  of  strokes  is  144  per  minute,  more  or 
less,  and  it  consumes  about  eight  horse  power.  The  weight  of  the  striking  part 
is  400  pounds.  The  anvil  weighs  about  3,000  pounds.  The  shoe  is  made  of 
gray  cast  iron,  which  lasts  90  days  and  is  more  durable  than  chilled  cast  iron. 
Three  men  working  with  this  hammer,  can  dress  one  ton  of  mass  copper  per 
hour.    It  yields: 

Clean  copper  (about  75%  copper)  to  smelter. 

Rich  copper  rock  (7  to  10%  copper)  to  the  stamps. 

Drop  Hammers,  operated  on  the  principle  of  a  pile  driver,  are  used  to  a  con- 
siderable extent  in  the  Lake  Superior  district  for  breaking  large  lumps  and 
cleaning  mass  copper  preparatory  to  smelting.  They  are  used  in  the  rock  houses 
of  Mines  46,  47  and  48.  The  hammer  is  lifted  between  guides  by  a  rope,  an 
overhead  sheave  and  a  winding  drum.  When  at  the  top,  the  drum  is  released 
and  the  hammer  falls,  unwinding  the  rope  as  it  goes  down.  The  hammer  has  a 
shoe  in  the  form  of  a  truncated  cone.  The  die  is  supported  upon  heavy  founda- 
tions to  withstand  the  shock,  and  is  placed  on  a  level  with  the  floor  for  conven- 
ience in  bringing  masses  of  rock  and  removing  the  resulting  fragments.  The  shoe 
and  die  are  replaceable  when  worn  out.  Details  of  the  drop  hammers  in  the 
mills  are  given  in  Table  4. 


TABLE 

4. — ^DROP 

HAMMERS. 

MiU 
No. 

Shoe  Alone. 

SSf 

^isif- 

Diameter. 
iDobes. 

Weight 
Pounds. 

^. 

TqpDiam. 
Inches. 

Bottom  Diam 
Inches. 

Wei{g^t(sboat). 
Pounds. 

46 
47 

:7 

U 

8,000 
8,000 

19 

18 

8 

aso 

6 
8to90 

48 

7 

U 

18 

18 

8 

850 

6 

§  10.  Advantages  op  Hand  Breaking. — Breaking  by  hand  is  more  expensive 
than  by  machines  if  any  considerable  quantity  of  work  is  being  done ;  but  if  the 
enterprise  is  temporary  or  on  a  small  scale,  or  if  the  valuable  mineral  is  of  high 
value,  or  cleaves  in  compact,  clean  lumps,  hand  work  may  be  the  cheaper. 

Hand  breaking  makes  much  less  fines  than  breaking  by  machine;  and  with 
certain  classes  of  ores,  for  example  preparing  pyrite  for  making  sulphuric  acid, 
this  has  at  times  been  considered  a  sufficient  gain  to  offset  the  advantage  of  the 
cheaper  machine  work.  Hand  breaking  has  the  important  additional  advantage 
of  intelligence — it  severs  the  different  minerals  from  each  other  in  a  manner 
most  favorable  for  making  clean  products  by  hand  picking.  This  fact  is  utilized 
in  Mills  13,  17,  46,  47  and  48,  although  they  use  machines  for  the  principal  part 
of  their  breaking. 

The  relative  proportion  of  fines  was  shown  by  a  test  of  2,220  tons  of  average 
copper  ore,  bait  of  which  was  broken  by  hand,  and  half  by  a  breaker  set  at  64 
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cventlung  rinall»»r  tbnn  H  iiiriL  having  bf^^n  f\rM  Rcrepncd  out** 
►ns  of  c.rnarsr  to  tine  made  l>y  the  operations  were  at?  follows: 


Throti«rh  IM  mm .  on  0  mm, 
Ttinmgli  6  mm. 


90.09  per  cent 
».31    "     " 


By  breaker, 
&*.0H  per  cent 
17.83   *•      *' 


dlowiDg  that  the  breaker  prod\iced  nearly  twice  as  much  fines  as  the  hammer. 

The  advantage  of  the  lutelligejice  that  is  coupled  with  hand  breaking,  over 
th«  men*  mechanical  breaking  done  by  machineg,  is  shown  by  a  test  where  49% 
aldean  products  wae  picked  out  in  connection  with  the  former,  while  only  17% 
ut  in  connection  with  the  latter,*^ 
.  i«>n  ag  to  whether  hand  or  machine  breaking  is  preferable  in  any 
case  must  be  decided^  of  course,  by  the  net  profit. 

BOCK  BREAKERS. 

11.  These  machine?*  as  a  rule,  constitute  the  first  step  in  Bystematie  crushing 
ftr  mill  work.  They  all  act  upon  the  principle  of  approaching  and  receding 
IW8  which  crush  the  rock.  They  are  fed  with  ore  of  mixed  sixes  up  to  the  maxi- 
lum  diameter  that  the  mouth  or  receiving  opening  can  take,  and  they  break  it 

a  uniform  maximum  size,  which  latter  is  determined  by  the  distance  apart  of 
be  jaws  at  the  throat  or  discharge  opening.     Since  the  large  size  and  irregii- 

ily  at  the  feed  rock  generally  precludes  automatic  fading,  they  are  fed  l>y 
ind  or  by  shovel,  in  many  cases  by  chute  sloping  from  the  bottom  of  a  bin, 
(ir  aftendant  easily  pulling  forward  the  ore  in  the  chute  by  a  rake  or  hoe. 

There  are  two  chief  classes  of  machines: 

L  The  jaw  breakers,  which  are  intermittent  machines. 

II*  The  spindle  or  gyrating  breakers,  which  are  continuous  machines. 


I. — Jaw  Breakebs. 

The  jaw  breakers  are  divided  into  three  types  according  to  the  movement  of 

jaw: 
(a\  Tho^  wliich  are  pivoted  above  so  as  to  give  the  greatest  movement  on  the 

('  which  have  an  equal  movement  on  all  sizes. 

(r)    i  hufC  which  are  pivoted  below  and  have  the  greatest  movement  on  the 
lump. 

(a)   JAW  BKEAKEHS  WITH  OBEATEST  MOTEMENT  ON  SMALLEST  LUMP. 

g  l^p  TnB  Blake  Breaker,  as  finally  adopted  by  its  inventor,  Mr.  Eli  Whitney 
lake,  was  the  first  successful  jaw  breaker,  and  it  has  held  its  place  as  the 
indnH    machine  ever  since.     The  original   form,   patented   June   15,    1858, 
pare  tept  movement  at  the  mouth.     "The  inventor  quickly  saw  that  for 

rapin  g  nf  rock  ihe  conditions  of  movement  of  jaw  should  be  reversed, 

— ihat   the  lower  part   of  the  cnishing  face  should  have  the  greatest   move- 
rnt."**     The  ptandard  form  which  i?  in  the  catalngue?  of  all  the  manufac- 
kmrK  hm  the  greatest  movement  on  the  smallest  lump. 
T!t-  T't  •  -  itt^atcer  (pce  Figs.  5,  6  and  7)  is  made  up  of  the  parts  described 
fol  ic  frame  1  f  Fig.  7)  is  made  of  strong  cast  iron  or  cast  steel,  strongly 

'     "    f'^  resist  great  stresses  and  shocks.     Below  and  forming 
nf  u.  aw  the  f<iur  legs  0  (Fig.  B)  with  feet  having  Ixilt 

M  the  machine.     Fpon  the  top  of  the  frame  are  the  boxc? 
I  ft  35.  and  Ihe  rrrfniiic  jihaft  30.     At  the  teai  \s  «l  \\qi  v 
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zontal  web  43,  for  the  support  of  the  toggle  wedge  10,  and  toggle  block  8.  The 
fixed  jaw  4,  is  bedded  with  \  inch  of  zinc  against  the  end  of  the  frame  1.  The 
fixed  jaw  plate  5  is  held  in  its  place  by  the  two  cheek  plates  13,  which  are  wedge 
shaped  and  are  driven  to  a  bearing  between  the  fixed  jaw  plate  and  recesses  in 


FIG.    5. — SECTION    OF    BLAKE    BREAKER,    MADE    BY    THE    FARREL    FOUNDRY    AND 

MACHINE  CO. 


0.  Legs. 

1.  Fi^me. 

2.  Swing  jaw. 

3.  Pitman. 

4.  Fixed  jaw. 

5.  '*        "   plate. 

6.  Swing  "      •' 

7.  Toggle. 

8.  "      block. 

9.  **      bearing. 

10.  Wedge. 

11.  Fly-wheel 

12.  Pulley. 

13.  Cheek  plate. 

14.  Pitman  half -box. 

15.  Spring  bar. 

16.  -      rod. 


KEY  TO  FIGS.  5,  6  AND  7. 

17.  Rubber  spring. 

18.  Washer. 
19. 

20.  Thumb  nut. 

21.  Hopper. 

22.  Key. 
28.  Bolt. 

24.  " 

25.  *' 

26.  Eye  bolt. 

27.  Lock  wrench. 

28.  " 

29.  Bolt. 

80.  " 

81.  Set  screw,  for  key. 

82.  Bolt. 


88.  Set  screw. 

84.  Nut. 

85.  Swing  jaw  shaft 

86.  Eccentric  shaft. 

87.  Cap  for  swing  jaw  shaft. 

88.  "     '•  eccentric. 

89.  Key  for  fly-wheel 

40.  Gib. 

41.  Key. 

42.  Supporting  bolt. 

43.  Web. 

44.  Adjusting  boll 
46.  Throat. 

46.  Mouth. 

47.  Oil  tubes. 

48.  Recesses  for  cheek  platea 


the  frame  48.     (See  Fig.  7.)     Chilled  cast  iron  with  longitudinal  90**  corru- 
gations appears  to  be  the  most  usual  material  and  form  for  the  jaw  plates. 

The  swing  jaw  2^  is  of  steel  and  is  held  to  its  shaft  35,  by  the  gib  40^  and  key 
bolt  41.  It  is  furnished  with  a  jaw  plate  6^  which  is  held  by  dovetails  to  the 
jaw.  At  the  rear  of  the  jaw  is  a  steel  toggle  bearing  9^  and  near  the  bottom  is 
an  eye  for  the  spring  rod  16. 
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Tlie  pitman  3,  is  of  ?teel  and  is  suspended  from  the  ercontric  Av^U  36,  witli 

iring  4jurfac-€s  of  babbitt  metal  above  and  below  which  can  be  taken  up,  as  they 

ear,  bv  the  key  22.     It  is  made  vfry  strong  to  resist  great  tensile  stress.     It 

IS  tw*o  steel  toggle  bearings  9.     The  tnggle  block  8,  supported  by  the  bolt  42, 

19  also  furnished  with  a  steel  toggle  bearing  9.     All  four  toggle  bearings  arei 

^eld  in  place  by  set  screws,  30,     The  wedge  10  ia  elevated  or  depressed  by  the 


S3f 


^8^ 


10 


LI 


12  ^ 


-^  ^ 


^ 


34 

<2> 


FIO.   6. — ^DETAILS  OF  THE  BLAKE  BREAKEB,   MADE  BY  THE   FARHEL  FOUKDHY   ANB 

MACHINE   CO. 

bolt  44.  The  two  toggles  7,  are  supported  by  the  toggle  block  8,  the  pitman  3, 
I  and  Bwiog  jaw  2,  respect ively, 
I  The  two  spring  rods  1*5^  are  furnished  with  rubber  springs  17,  which  are  held 
^^m  compression  against  the  spring  bar  15.  The  four  toggle  bearings  9,  are  fur- 
^Kshed  with  oil  tubes  47.  Theg<?  and  all  the  oil  holes  in  the  boxes  are  kept 
^Bugged  to  avoid  grit  The  half  hopper  21  (see  Fig.  0),  covers  the  boxes,  key 
PKid  oil  holes  of  the  swing  jaw  shaft  and  shields  tlie  pitman  and  toggles.  The 
'  heavy  fly- wheel  11  is  attached  to  the  eccentric  shaft  36  by  a  key  39,  and  the 
pulley  12,  is  bolted  to  the  fly-wheel. 

The  receiving  space  46,  is  called  the  mouth  and  is  measured  by  the  width  of 
le  jaw  plates,  that  is  to  say,  the  distance  between  the  cheek  plates;  and  by  the 
pe  or  opening,  that  is  to  gay.  the  distance  between  the  tops  of  the  jaw  plates, 
le  discharging  space  45  is  called  the  throat  and  is  measured  by  the  width,  of 
?  jaw  plates  and  the  opening  h^twof^n  tho  jaws  when  they  are  faTl\\e5^1  ^TftkiV* 
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§  13.  Operation  and  Adjustment. — The  operation  of  the  machine  is  as  fol- 
lows: As  the  eccentric  lifts  the  pitman,  it  straightens  out  the  toggles,  lengthen- 
ing the  distance  between  their  outer  ends.  This  forces  the  swing  iaw  to  ap- 
proach the  fixed  jaw,  crushing  the  rock.  When  the  eccentric  lowers  the  pitman, 
it  unlines  the  toggles  and  the  swing  jaw  is  free  to  recede  from  the  fixed  jaw. 
It  is  forced  to  do  so  by  the  rubber  spring  and  it  then  allows  the  crushed  rock 
to  slide  down  to  a  new  bearing  preparatory  for  the  next  nip. 

The  power  is  brought  by  a  belt  to  the  pulley  and  is  consumed  by  the  crushing 
of  rock,  for  a  period  slightly  less  than  one-half  a  revolution,  because  it  requires 
an  instant  of  time  to  settle  the  rock  to  a  bearing  against  the  jaws.    During  the 


FIG.  7. — PLAN  OF  BLAKE  BBEAEEB^  MADE  BY  FRASEB  ft  OHALMSRa 

other  one-half  revolution,  the  power  is  being  accumulated  in  the  fly-wheel 
Hence  its  action  is  intermittent. 

When,  by  the  wear  of  the  jaw  plates,  the  space  at  the  throat  becomes  too  great 
and  the  crushed  rock  too  coarse,  the  jaws  can  be  brought  nearer  to  each  other  by 
raising  the  wedge  by  means  of  its  nut.  When  the  wear  is  too  great  for  this 
adjustment  to  be  effective,  longer  toggles  can  be  used,  care  being  t^cen  to  choose 
them  of  lengths  to  keep  the  pitman  vertical.  Later,  the  jaw  plates  may  be  in- 
verted and  the  whole  thing  repeated,  and  finally,  new  jaw  plates  must  be  pro- 
vided. 

§  14.  Details  of  Sizes. — Table  5  shows  the  details  of  the  different  sizes  of 
Blake  breaker  made  by  the  Farrel  Foundry  and  Machine  Co.,  some  of  which  are 
illustrated  in  Fig.  8. 

The  capacities  stated  in  the  list  are  approximate,  and  are  based  on  a  rock  or 
ore  that  is  hard  and  friable,  diligently  fed,  and  that  will  clear  itself  quickly  at 
outlet,  and  they  vary  somewhat  according  to  the  nature  of  material  to  be  broken. 
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Htfd  rock  that  breaks  with  a  snap  breaks  faster  than  sandetone.  The  capacity 
firiet  with  the  number  of  revolutions  per  minute,  so  that,  where  the  breakers 
are  lun  at  300  revolutions,  the  capacity  will  be  ^  more  than  that  given  in 
Tible  5*  The  horse  power  required  to  drive  breakers  varies  somewhat,  accord- 
ing to  the  character  of  material  and  size  to  which  it  is  broken,  but  that  given 
in  the  table  is  a  fair  average,  and  is  equivalent  to : 

11  to  IS  tona  per  horse  power  per  24  hourSj  crushed  to  1^  inches. 

15|  to  19  tons  per  horse  power  per  24  hours,  crushed  to  2  inches. 

18  to  22  tons  per  horse  power  per  24  hours,  crushed  to  2i  inches. 

5.— 'COBB    OF    BLAKE    BREAKERS,    MADE    BT    THE    PARREL    FOUNDRY    Am 
HACHIKE   CO.       (From  the  CAtalogiie.) 
AbbTBvlAtloDi.— H.  P,=tione pawer;  to.=LDche8;  Ft = feet;  Rev.c=revolatioDB. 


^ 

i 

Extreme  dinwnikaiB. 

of 

4 

at 

Total 

ApprozioQAte  emipmdLtj  in  toodi  per 

1 

a 

^ 

ill 

^ 

I 

dftf  of  S4  hour*  Uf  lint  lUtod. 

t 

pulley. 

II 

Weight. 

IlU 

IroatL      hL 

Tom,      Id, 

Tom.      IJL 

n.  lo- 

Ft,    to 

FL    In, 

Id. 

Pottoda. 

Pounds, 

W 

er       Lftbd 

mtorr      V 

m. 

t             4 
*             • 

aati 

^ 

34 

100 

40 

91  lot 

JO  tot 

"a^," 

11x4 

975 

« 

1,900 

500 

Mii 

§i  "  t 

60"  lU 

8      11 

^^^i 

97S 

S 

4,060 

9.700 

10^ 

!S0  **  1 

M  **  tU 

00**  I 

aozTU 

970 

a 

9.900 

1400 

1OS0 

aoo  •*  » 

900  "  ik 

130  ••  I 

90x78 

975 

15 

11.900 

iaoo 

«az4 

190  **  1 

W"    g 

00"    U 

91x9 

97S 

10 

19.000 

7.600 

^%D    iS-*S) 

IfiO  **  % 

lao  ♦♦  tw 

90x9 

m 

IS 

15,000 

7.000 

gio  »  s 

180  *M«   7       9 

30x9 

970 

IS 

10.900 

9,900 

ilS^     410  ^P 

960  **  SU 

800    *  8 

7       8 

5      10 

30x19 

970 

M 

18J0O 

io,aoo 

180"* 

490  *'  9 

7      10 

90x19 

975 

25 

90.000 

18.000 

IHB  7»  **  1 

000*'  SU 

510"  9 

a     0 

aaxi9 

975 

80 

97,000 

99,000 

^^B     f»  *'  4H 

610  **  iCJ 

8        6 

90x19 

975 

au 

97.600 

29  000 

1.140  ♦•  0 

V»9bb'"'6' 

«      10 

e    10 

90x19 

ST5 

40 

50,000 

9fl;700 

ism  "  8 

9      10 

0      10 

90x13 

275 

40 

50,000 

96.700 

J 

=3. 

^^^■1 

hftTe  two  drMag  |»iUef «. 


^O,  a — erVtE  OK  BLAKE  NUiUiERS  C^  TO  13  INCLUSIVE,  TABLE  5. 
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PIG.  9. — PLAN  OP  NO.  13  BREAKER,  IN  TABLE  5. 

The  large  breaker,  No.  13,  with  jaw  opening  36X24  inches  (see  Figs.  9 
and  10),  is  used  by  Mill  44  to  crush  the  large  lumps  down  to  12  inches,  work 
which  was  formerly  done  by  a  steam  hammer. 

§  15.  Instructions  for  Mounting  a  Blake  Breaker,  taken  from  a  number  of 
trade  catalogues,  are  as  follows: 

1.  Place  the  frame  1  (Fig.  5)  level  on  the  floor  or  on  the  timbers,  lengthwise. 


FIG.  10. — ^ELEVATION  OF  NO.  13  BREAKEB,  IN  TABLE  5. 


pMsiiMixART  cnusnmo. 
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2.  Put  ^'^  jaw  2,  tighten  the  caps  37  on  swing  jaw  shaft  tight  enough 

ki*rp  II  '  i    fn»ni  moving,  then  put  un  the  lock  nuts. 

13,  Put  in  pitman  3»  with  large  end  of  key  nearest  the  toggle  block  8.     Let 

t  drop  on  a  bhx'k  of  wood  high  enough  to  clear  bearings  about  six  inches,  then 

lide  in  the  shaft  36,     Notice  the  marks  on  one  end  of  the  shaft,  so  as  to  get 

pulli!}*  end  on  the  driving  side. 

4.  Put  in  the  lower  box  with  thin  wood  packing.     (This  packing  keeps  the 


vr  ^ 


Q: 


JL 


m 


R 


FIG.    l\, — SECTION    OF    THE    BLAKE    CHALLENGE    BREAKER. 


JUnrer  timber  frama 


i  jaw  block. 
Piimao  toggle  block. 


H.  Pitman  half -box. 
/.  Cheeks. 
J.  Swing  jaw. 
#C.  Jaw  Bhaft. 
L.  Spring. 
M.  Oil  chamber. 
JV.  Main  tension  bolts. 


O.  Toggles. 

P.  Jaw  platea 

R.  Pitman  rod  nuta. 

8.  ilain  eccentric  sliaft 

7!       "      toggle  block. 

U.  Fixed  jaw  back. 

V.  Spring  rod. 


frodn  tightening  the  lower  box  to  the  shaft.)     Next  put  in  key  from  the 
b«dc  and  tighten  set  screw* 

5.  Lower  shaft  into  bearings  and  put  on  caps,  having  a  piece  of  thin  wood 
leather  under  the  caps,  to  keep  them  from  being  screwed  down  too  tight  on  the 

_  Pot  on  fly-wheels  according  to  marks  on  the  shaft.     Key  them  tight  to 
cleiir  the  side  of  the  bearings  about  A  inch,  and  bolt  on  the  driving  pulley  to 
Jls  place. 

"    7,  Put  in  the  toggles  7,  the  longer  in  front,  or  between  the  swing  jaw  2  and 

tfiisTi  2^    Tvet  the  wedge  10  be  screwed  down  to  the  lowest  point.     By  raising 

ng  the  wedge  10  with  nut  44,  the  size  of  the  product  is  changed,  ^  If 

J  «ni  not  give  the  required  size,  change  either  front  or  back  toggle,  keeping 

pitmJin  3  alKiut  upright.     Put  in  the  spring  rod  IG  and  the  rubber  spring 

17,  ■:  '  ' '         nly  tight  enough  to  bring  back  the  swing  jaw  2. 

8-  k  8  with  the  nut  42.     Oil  bearings  by  the  tubes 

47,  fr  -\pply  power  and  breaker  is  ready  for  use.     Keep  iron 

fll^  rxclude  the  duet. 

9,  it  the  Hxe^i  jaw  4  should  require  to  he  cast  up,  use  zinc,  about  \  inch  thick. 
WliCD  the  jaw  plates  are  worn  at  the  lower  ends,  they  can  be  levetsed,    \1  t\^ 
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steel  toggle  bearings  should  wear,  they  can  also  be  reversed.  It  will  then  be 
necessary  to  drill  oil  holes  on  the  other  side  for  the  oil  tubes. 

§  16.  Other  Breakers  of  the  Blake  Type. — After  the  original  patents 
of  the  Blake  breaker  ran  out  in  1878,  manufacturers  of  mining  machinery 
throughout  the  country  began  to  seek  improvements  upon  the  original.  Some 
of  these  changes  are  indicated  in  the  extracts  given  below^  from  trade  catalogues 
and  from  correspondence. 

§  17.  The  "Blake  Challenge  Rock  Breaker,  or  Sectional  Cushioned  Crusher^' 
is  a  new  design  put  forward  by  Theodore  A.  Blake.  It  combines  hard  wood  beams 
and  wrought-iron  bolts  with  the  requisite  cast-iron  blocks.  The  object  is  to  make 
a  sectional  breaker  of  great  lightness  and  strength.  The  parts  of  it  are  indi- 
cated in  Pig.  11. 

The  wear  of  the  laws  is  taken  up  by  the  main  tension  bolts  N.  Rubber  cushions 
I  inch  thick  are  placed  beneath  the  ends  of  the  upper  frame  B,  to  relieve  the 


FIG.  12. — MONARCH   (BLAKE  TYPE)   BREAKER,  MADE  BY  THEODORE  A.  BLAKE. 


C  Clamps. 
F.  Main  frame. 
H.  Pitman. 
/.  Cheeks. 


J.  Swing  jaw. 

K.  Swing  jaw  shaft. 

L.  Spring. 

N.  Tension  bolt. 


O.  Toggles. 

P.  Jaw  plates. 

8.  Main  eccentric  shaft 

T,  Toggle  block. 


frame  in  case  of  undue  stress.  In  the  pitman  head  under  the  main  eccentric 
bearing  there  is  a  chamber  M,  for  oiled  cotton  waste  for  lubricating  the  pitman 
head. 

§  18.  Monarch  Breaker, — Theodore  A.  Blake  has  also  made  a  Isrge-si^ 
breaker,  which  he  calls  'Monarch/'  with  an  inverted  pitmaHi  fbii  fotm  b^g 
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order  to  lighten  the  weight  of  the  frame.     It  is  illustrated  in  Fig.  12, 
l^datails  are  given  in  Table  6. 

XASX«E  6. — 8IZE3  OF  TKB  MONAHCH  BREAKEH.     (From  the  Catalogue.) 


Mouth  8l». 
iDchei. 

Pounds. 

Driving  Pultey. 
Incbea. 

Hone  Power 
required. 

90x19 

tiotzao 

65,000               1 
50,000 
4S,000 
150,000 

67X10 
67x14 
57x12 

80 
26 
96 

At  Pittsbargy  Pa,,  a  30X18  machine  running  at  300  revolutions  per  rninnte 
and  using  45  to  50  horse  power,  is  reported  to  crush  16-inch  cube  limestone  to 
4-tiich  cube,  at  the  rate  of  30  tons  per  hour  and  at  a  cost  of  2|  cents  per  ton, 
Tbe  ^me  machine  on  hard  Vermillion  hematite,  crushes  600  tons  per  24  hours 
to  3  inches  at  a  cost  of  3^  cents  per  ton ;  on  softer  ores  it  crushes  750  tons  per 
24  hour*. 

^h|  19.  S,  B,  Krom  makes  Sectional  Breakers  of  the  Blake  Type  with  two  or 
Hbr  tension  bolts.  He  uses  toggles  with  cylindrical  faces  rolling  upon  plane 
warfares  to  do  away  with  the  friction,  thus  saving  wear,  power,  and  oii  As 
flfaown  in  Fig.  19,  the  toggles  are  supported  at  each  end  by  flattened  gear  teeth 
which  occupy  only  22,5%  of  the  horizontal  width  of  the  bearing  surface.  To 
guard  the  machine  against  breaking  by  the  feeding  of  a  hanuner  head  or  other 
hard  object*  he  uses  upon  the  tension  bolts  either  breaking  cups  of  cast  iron  which 
yield  by  breaking  or  malleable  washers  which  yield  by  bending,  or  he  puts  an 
elastic  connection  into  his  pitman  by  means  of  a  car  spring.  For  lubricating 
Ibe  under  eide  of  the  eccentric  journal,  he  uses  a  packing  (Fig,  19),  held  in 
flBce  b_v  a  spring.  His  jaw  plates  are  made  up  of  tempered  steel  bars  running 
acroaa  the  jaws,  as  in  Fig.  19, 

g  W>,  The  Union  Iron  Works  Breaker  has  both  the  jaw  plates  keyed  at  the  top 
by  keya  running  the  whole  width  of  the  jaw.  The  opposing  grip  is  obtained 
froxn  a  dovetail  in  the  back  of  the  jaw  plate  and  running  across  it,  which  is 
forced  again<=it  the  edge  of  a  dovetail  socket  in  the  jaw, 

^1  21.  A  Duplex  Breaker  made  by  the  Farrel  Foundry  and  Machine  Co,  serves 
Huiereafie  the  capacity  of  the  machine.  This  is,  in  effect,  two  breakers  in  one. 
^Me  7  gives  the  sizes.  The  two  jaws  come  fons^ard  alternately,  each  in  its  own 
^sompartment. 


TABLE  7,^ — SIZES  OF  FARREL  DUPLEX  BREAKER.    (From  the  Catalogue.) 
AbbreTiatioDfl.— RP,=borBe|)Ower;  tn.^tnches;  ReT,=fevoIutioD8. 


Cn^tu^tj  in  Tons  per  Day  of  24  Houn 
to  Sis««  Stmbed, 


Tona.  In. 

480  COS 
MOtoS 


Tona.  In. 

2m  to  1 

730  to8 


Tons.  In. 
144  to    14 


Siseof 
PuUej'B 


luches 
80x0 
90x10 


Uev  per 


HP. 
required. 


Weight, 


Pounds. 
*L500 
84,M0 


Weight  of 
Heavf  Mt  Pieeew 


Pounds. 
12»40Q 
19.500 


i  92.  Brennan  £  Young  make  a  breaker  which  has  its  movable  jaw  divided 
~     ly;  one  half  advances  while  the  other  retreats.     The  two  jaws  are  adjacent 
I  otlwr  in  the  same  compartment.     For  details  of  this  as  found  in  the  millB, 
.  j>l>  9,  If  ill  89,  breakers  No?.  1  and  2. 

1 23.  Thtt  htrer  ftattern  of  Blake  brmker  (see  Fig-  13)   is  lighter  and  has 

^^       ^  :\n  the  pitman  pattern  for  the  same  work.     It  has  a  large 

Hi.   ' '   ,         ,g  undue  wear.    The  power  is  transmitted  tlviougli  ^  \sd^ 
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a  pulley^  a  crank  2,  a  connecting  rod  3,  a  lever  4,  pitman  b,  and  a  pair  of  toggles 
6,  to  the  swing  jaw  7. 

§  24.  The  Oiant  Rock  Breaker,  made  by  the  Parke  &  Lacy  Co.^  is  of  the  Blake 
type  and  has  a  sectional  cast-iron  frame  and  four  strong  tension  rods. 

The  jaw  plates  of  this  breaker,  called  pin  plates,  are  made  of  cast  steely  studded 
with  special  steel  pins  which  are  made  very  hard  and  driven  into  holes  drilled 
in  the  plates.  The  cast  steel  wears  more  rapidly  than  the  special  steel  pins,  which 
therefore  furnish  projecting  points.  The  take-up  shell  of  the  pitman  in  which 
the  eccentric  shaft  works  is  provided  with  springs  (see  Fig.  18),  and  as  the 
eccentric  wears  out  of  true  the  springs  take  up  the  lost  motion  and  thereby 
prevent  pounding,  so  that  the  machine  may  be  run  at  a  higher  speed.  The  pit- 
man is  made  hollow  to  lighten  it. 


FIG.  13. — SECTION  OP  A  9  X  13-INCH  BLAKE  BBEAKBB  OP  THE  LEVER  PATTERN. 


§  25.  The  Risdon  Iron  Works  use  four  or  six  tension  rods  on  the  cast-iron 
frame,  making  the  breaker  sectional.  They  place  the  wedge  for  adjusting  the 
jaw  opening  at  the  bottom  of  the  pitman,  moving  the  toggle  bearings  apart  or 
together,  according  as  decreased  or  increased  space  between  the  jaws  is  desired. 
The  wedge  bolt  is  on  a  cast-iron  plate  which  serves  as  breaking  piece  for  the 
machine.  -  A  babbitted  gib  and  spring  key-bolt  are  used  under  the  main  shaft 
at  the  head  of  the  pitman  to  take  up  wear  and  prevent  pounding.  The  pitman  is 
made  hollow  to  lighten  it. 

§  26.  The  Joshua  Hendy  Machine  Works  use  four  tension  bolts  with  cast-iron 
frame,  making  their  machines  (the  Hercules  Eock  Breaker)  of  the  sectional 
pattern.    They  also  use  cast  steel  jaw  plates. 

§  27.  In  the  breaker  made  by  the  Fulton  Iron  Works  the  fixed  jaw  is  held 
in  place  by  four  eye-bolts  which  act  as  the  chief  tension  pieces  of  the  machine. 
By  loosening  the  two  upper  eye-bolts  and  slipping  them  to  one  side,  the  fixed  jaw 
can  be  quickly  revolved  down  to  a  horizontal  position  for  repairs.  The  jaw  plates 
consist  of  horizontal  steel  bars  placed  one  above  the  other.  A  key-bolt  and  spiiiig 
gib  hold  the  babbitt  and  the  under  side  of  the  eccentric  at  the  head  of  the  pit- 
man to  take  up  lost  motion  and  prevent  pounding.  A  spiral  spring  is  used  for 
opening  the  jaw.  They  also  make  a  breaker  with  two  heavy  tension  rods  below 
and  two  Bborter,  lighter  rods  above,  witli  a  view  to  lighteniiig  the 
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g  28*  III  a  Blake  breaker  mads  btf  the  Gates  Iron  Works,  the  toggle  block  8 
(see  Fig.  5)  is  made  adjustable  up  and  down,  which  affords  a  means  of  varying 
the  ugle  between  the  toggles  and  oonsequently  the  amount  of  throw.  The  varia- 
tion is  giTen  in  Table  17. 

§29.  A  28X30-mc/t  Blake  breaker  used  at  the  Minnmoia  Iron  Mine  was 
modified  «o  as  to  overcome  trouble  from  stalling  on  hard  ore.  The  angle  be- 
tween the  toggles  was  flattened  as  much  as  possible  and  the  throw  of  the  eccentric 
WIS  increased  to  )i  inches  in  order  to  retain  a  movement  of  1^  inches  at  the 
I  tlUML  Tlie  jaw  phites  were  also  made  in  four  sections  so  that,  as  the  bottom 
.  wears  faster  than  the  others,  it  is  only  necessary  to  take  it  out,  move  the 
"iree  ae^jtions  down  one  position,  and  put  a  new  section  in  at  the  top. 
30,  Walburn  d*  Swensen  use  hammered  steel  for  the  eccentric  shafts* 
edrich  Krupp  Gmsonwerk  of  Germany  has  some  500  different  models  for 
chilled  cast-iron  jaws.  The  Colorado  Iron  Works  use  suitable  oil  cellars  in  all 
tli€  boxes,  to  better  the  lubrication. 

§  31.  The  Buchanan  Rock  Breaker  (see  Fig.  14),  made  by  the  George  V. 
Cresfior  '  ^ny,  of  N'ew  York,  hag  its  fixed  jaw  B  pivoted  at  P',  which  enables 
the  «di  of  the  space  between  the  jaws  to  be  made  through  the  cross  bar 

L  and  tlie  ten&ion  bolts  and  lock  nuts  E,     V-washers  slip  over  the  tension  bolts 
twcen  L  and  the  frame  and  keep  the  fixed  jaw  firmly  in  place.     This  arrange- 
at  allows  a  variation  in  adjustment  of  3  or  4  inches  without  changing  the 
arles.     This  breaker  is  built  largely  of  steel  and  is  made  sectional  for  ease  of 
Asportation,  and  to  give  greater  strength  to  the  parts  needing  it.  , 

pi  an  older  type  of  thi^  breaker,  the  two  jaws  were  both  movable^  one  being 
Dted  at  L  and  the  other  at  a  point  about  two-thirds  the  distance  from  the 
^le  up  to  P.    The  topF  of  the  jaws  P  and  P  were  connected  l^y  two  double 
_  hh^TBf  the  result  being  that  the  motion  at  P'  was  about  one-half  that  imparted 
to  the  other  jaw  at  the  end  of  the  toggle.     The  respective  movements  of  the 
measured  on  a  figure,  were  as  shown  in  Table  8. 

TABLE  8. — MOVElilEXTS  OF  OLD  BUCHANAN  BBEAEEB. 


Movement 

of  jaw  B. 

Inches. 

Uovement 

of  |«w  B'. 

Iztches. 

Sum  of  two 
MoTementa, 

Atthetopof  jawa... 

0.875 
0.2S0 

0.000 

aooo 

0.187 
0.875 
0.750 

0.875 
0.467 
0,563 
n.750 

At  bottom 

defects  of  this  breaker  were  that  the  movement  was  such  as  to  canse 
>r  less  ^nuing  which  increased  the  wear  of  the  jaw  plates  and  the  per- 
of  fines  in  the  product.  Also  the  eye-bars  wore  in  a  short  time  so 
hki  there  was  much  lost  motion. 

A  Bnchaniin  breaker  is  used  as  the  No.  1  breaker  in  Mill  90,  but  the  author 
if  unable  to  state  whether  it  is  of  the  old  or  new  type. 

§  32»  Details  of  Blake  Tifpe  of  Breakers  from  the  MUh, — ^Table  9  gives  the 
details  of  breakers  of  the  Blake  type  nsed  in  the  mills  visited  by  the  author. 

It  will  be  seen  that  out  of  142  breakers  114  are  of  pitman  pattern  and  28  are 
of  Uwer  pattern,  and  that  out  of  136  breakers  116  are  with  solid  cast-iron  frame 
snd  20  aro  with  sectional  cast-iron  frame.  Two  columns  for  capacity  are  given. 
The  "Artnal  Capacity"  is  the  work  the  machine  actually  does  during  24  hours. 
It  il  n  '  *^  to  work  the  breaker  for  only  nne  shift  or  even  less  per 

day.  Capacity**  is  the  work  it  is  capable  of  doing  if  workcKi 

imtlaiitly  24  houn*  per  day.  A  breaker  with  jaw  opening  of  about  9X15  inches 
•pp0tn  to  be  frmrh  ilir  rnmmrmp.ct  ^'iz^.     The  colunin  marked  *'^et  ot  ^rjT 
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TABLE  9. — ^DETAILS  OF    BLAEX    TYPE  OF    BREAKERS    GATHERED  FROM  THE    KILLS 

VISITED. 

AbbrerUtioDS.— C.=§oUd  east-iron  fnune;  Cap. = capacity;  Eat=eatiinated;  icris.=gilBlj;  H.  P.sboriB 
power;  h.-.=  hours;  In.=iiiches;  L.=leTer  pattern;  Min.aminute;  P.sPitman  pattern;  p.sper;  piekedspoor 
residue  left  after  picking;  Rev. = revolutions;  8.= sectional  bolted  frame. 
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indicates  whether  water  is  or  is  not  fed  with  the  ore.    This  question  is  discussed 
later  in  §  56. 
§  33*  If  ear  of  Blake  Breakers.—Tahle  10  has  been  constructed  to  show  the 
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FIG,   14, — NEW  BUCHAKAN  BREAKER. 

wear  of  metal  in  Blake  breakers.  Four  columns,  gross  and  net  wear,  and  gross 
id  net  cost  per  ton,  have  been  computed.  The  gross  wear  is  found  by  dividing 
lie  weight  of  the  new  piece,  for  example,  a  jaw  plate,  by  the  number  of  tons  it 

ishes,  eaUed  its  life  in  tons.     In  eomputing  net  wear,  however,  the  weight  of 

be  worn-out  piece  is  subtracted  from  its  weight  when  new  before  dividing  by  the 

fe  in  tons  crushed.     The  gross  cost  is  found  by  dividing  the  cost  of  the  piece 

the  number  of  tons  it  crushes  before  being  worn  out.     In  computing  the  net 

st  per  ton,  the  value  of  the  worn-out  piece  is  substraeted  from  its  cost  when 
pw.  before  dividing.  The  cost  of  changing  jaw  plates  should  be  included  as 
irt  of  the  original  cost  in  computing  the  cost  of  the  plates.  The  reader  is 
eferred  to  §  53,  under  spindle  breakers,  where  the  importance  of  this  item  is 

lly  demonstrated. 

(b)      JAW  BREAKERS  WITH  EQUAL  MOTIOK  ON  THE  COARSE  AND  FINE  LFirPS. 

§34.  T^e  WeMem  Wheeled  Scraper  Co.  advertise  a  breaker  with  cast-iron 
frame,  fixed  jaw  and  movable  jaw*     In  thin  machine,  the  movable  jaw  is  mounted 
~    on  a  frame  running  upon  rollers.     The  frame  and  movable  jaw  are  pushed 
•ward  twice  each  revolution  of  the  fly-wheel  a  distance  of  about  0.4  inch,  by 
elliptical  cam  acting  upon  a  roller  tappet;  the  jaw  is  returned  in  the  usual 
I?  by  rod  and  rubber  spring. 

g  35.  The  Forsier  Breaker,  made  by  Totteu  &  Hogg  (see  Fig.  15),  has  oscil- 

tiog  about  a  vertical  pin  L,  a  horizontal  lever  A  N,  with  its  long  arm  about 

,  times  the  length  of  the  short,  one  on  the  center  line,  or  4.7  times  the  dis- 

from  the  pin  L  to  the  lateral  edges  of  the  jaw  plates.     The  power  is  applied 

_flie  belt  pulley,  D,  the  eccentric  11,  and  the  horizontal  connecting  rod  6,  to 

1  of  the  lever  arm  A.     Tbii^  rer|tiircs  a  ball  and  socket  joint  at  0;  and  in 

.Jon  the  eccentric  strap  has  a  lateral  motion  on  the  eccentric.    The  movable 

N  is  placed  across  the  end  nf  the  short  arm  and  oscillates  sidewi^  \w  Ixmxl 

the  fixed  j&w plate  B.     The  motion  given  is  of  the  same  amounl  auii  VxtlS^  ^^. 
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OBE  DRESSING. 


§  35 


TABLE  10. — WEAR  FOR  BLAKE  BREAKEBS. 


AbbrsTiatioiis.— B.=bruB:  Ch.  C.  L=chmed  cast  iron;  Ch.  F.  L-schHled  fnukliiiite  iroo;  Ch.  LschOled 
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steel;  L=iron;  J.  P.=jaw  plates;  lb. = pound:  M.=: movable  jaw  plates;  Ma.  8.= machinery  steel;  M.  C.  L= 
malleaUe  cast  iron;  M.  8.= manganese  steel;  8.= steel;  S.  C.  L=soCt  cast  iron;  8.  L=softiron;  8t.=statioDai7 
jaw  plate;  T.=toggle;  T.  B.=toggle  bearing;  Wh.  I.=white  iron;  W.  I.=wrought  iron;  W.  8.=wrought  steel; 
yrs-syearo. 
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the  top  anri  bottom  at  any  one  vertical  section  of  the  month  and  throat,  but 
varies  grpally  in  both  respects  between  the  sides  and  the  middle  of  the  jaws. 

In  Mill  *37,  a  Forster  breaker  is  used  for  dry  crushing  mine  ore  preparator 
to  stamping.     Its  mouth  is  13x24  inches  and  it  crushes  to  1^  inches  running 
200  revolutions  per  minute.    Its  actual  stint  is  40  to  60  tons  per  day  of  10  hon 


m_m 


FIG*    15. — Ft  AN   OF  FOBSTEH   BREAKER. 

equal  to  96  to  144  tons  per  24  hours.     It  uses  12  indicated  horse  power.    Its 
maximum  capacity  is,  however,  somewhat  higher  than  the  above  figure.     Mil 
67  substitutes  for  the  single  jaw  plates  usually  furnislied,  soft  back  pieces  of 
iron,  containing  the  dovetail  sockets  into  which  are  slipped  the  dovetails  of 
little  blocks  which  form  the  wearing  surfaces.     These  blocks  are  of  manganes_ 
iron  and  are  eight  in  number  for  the  movable,  and  ten  for  the  etationaiy  ^bm? 
The  wear  of  these  blocks  is  shown  in  Table  11. 


TABLE  11. — WEAB  FOE  FOaSTER  BREAKER  IN  MILL  67. 
AbbreviaUoiia.— Lhs,=poUDdB;  Cts.=Genta, 


WetrinffFift 


inerrable  Jaw  Plates. . . 
fitotloimry  Jaw  FUtes. 


AUtarlU. 


MoiigaQeM  iron . . 
2f  anganeie  Iron , . 


1-5 


Uf^BL 


Toiui, 

m 


It's 


Lbs. 


ct». 


(b).    In 

approach 
other  hi 


§  36.  The  Blake  Multiple  Jaw  Breaker  (see  Fig,  16)  belongs  to  class 
this  machine  three  pairs  of  jaws,  /,  J,  J,  J,  30  inches  wide,  are  caused  to 
one  another  by  the  toggles  0^  0,  and  are  caused  to  recede  from  each 
rods  and  springs.  ^ 

(c)      JAW  BREAKERS  HAVING  THE  OREATEST  MOTTBMENT  ON  THE  LARGEST  HTJt?, 
WITH    THE   SWTNO    JAW    PTVOTKO    UELOW. 

§  37.  The  Dodge  Breaker,  invented  by  M.  B.  Dodge,  and  now  manufactured 
jjj  sn  improved  iorm  by  Parke  &  Lacy  Co.,  is  shown  in  Figs.  17  and  18,    U 
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ble  jaw  1',  to  which  is  bolted  the  jaw  plate  3',  oscillates  upon  the  fulcrum  pin  4 
and  the  lost  motion  in  the  pin  and  boxes  is  taken  up  by  the  springs  14.  The 
operation  depends  upon  the  use  of  the  powerful  lever  1,  of  which  1"  is  the  long 
arm  and  1'  is  the  short  arm.  This  lever  consists  of  a  web  strengthened  by  heavy 
flanges.  The  upward  or  crushing  movement  is  imparted  to  the  long  arm  of  the 
lever  by  an  eccentric  8,  acting  through  a  connecting  rod  7  and  the  bearing  on 
the  head  of  7.  Projecting  pins  T  which  are  a  part  of  7,  are  connected  to  the  long 
arm  by  connections  and  springs  15,  thus  providing  for  the  return  movement  of 
the  long  arm  and  also  to  take  up  lost  motion.  The  cap  of  the  connecting  rod  is 
provided  with  springs  to  take  up  the  wear  of  the  eccentric.  The  width  of 
opening  at  the  throat  is  adjusted  to  take  up  for  wear  by  removing  plates  16  from 
front  to  back  of  the  fulcrum  boxes  at  the  same  time  setting  up  the  set  screw  6. 
Power  is  applied  by  a  belt  on  the  pulley  10.  The  machine  consumes  power  in 
crashing  rock  for  a  little  less  than  half  a  revolution  and  absorbs  power  in  the 
fly-wheel  for  the  remainder.  It  is  therefore  an  intermittent  machine. 
The  sizes  in  which  the  machine  is  made  are  given  in  Table  12. 

TABLE   12. — SIZES  OF   DODOB   BREAKER.    (From  Pu-ke  &  Lacy  CaUlogae.) 


No. 

Mouth  Size. 
Inches. 

Capacity  per 
84  Hours.    Tons. 

Size  of  Pulley. 
Inches. 

ReyoIutioDB 
per  minute. 

Horse  power 
Required. 

Weight 
Pounds. 

1 
S 
8 

6x6 
7x8 
8x19 

84to   48 
72  to  96 
06  to  144 

12x5 
16x6 
84x8 

860 
800 
8G0 

8 
6 
7 

1,900 

FIG.   18. — SECTION  OF  THE  DODGE  BREAKER. 


TABLE  13. — ^DETAILS  OF  DODGE  TYPE  OF  BREAKERS  GATHERED  FROM  HILLS  VISITED. 


Abbreriations.  — C.=8olid  cast-iron  frame;  oap.a=capacity;  Estsestimated;  gris.ssarisaiy;  H.  P.stkone 
shours;  in.=inches;  L.= lever  pattern;  min.=minute;  P.spitman  paowm;  BoT.srevolutionflL 


power;  h. 


H 

as 


M 


lug  parti. 


i 


p.  (a) 

L. 

L. 
L.  C. 

(/) 


8x16 
11x15 
0x16 
6x- 
8x80 


866 
214 
100 
960 
940 


Mine  ore  orer  1  in.  gris. 

(c) 
Mine  ore  on  1^  in.  grIs. 
Run  of  mine. 

(a) 


900 
80^ 
60-70 

80 

80 


940 
160-170 


199 


22- 

Dry. 
Dry. 
Dry. 


$60 


^ 


6 


(a)  Made  bv  S.  R.  Krom.    (b)  Broken  9  Jaws  in  8  years;  put  in  9  jaw  shafts;  iMSd  9  sets  csat-ateel 
texRlandsonJaw shaft;  rodb^       ererjr 8 nionths;  spring fa^yto every tmfmAm^ff!^ UkumtfkOtm 


on  No.  1  trommel  U^in.    (d)  Trunnion  blocks  last  9  years;  .«-» 
measurement.    ( n  Buchanan  granulator;  spU t  |inr ;  naJs  by 
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""    T-    Krom  mak<*8  a  breaker  of  this  class  (see  Fig.  19),  in  which  the  lever 
i  hy  pttman  aDcl  logglciJ.     The*  Colorado  Iron  Works  Co.  makes  «  modi- 
kKu  i>ougc  breaker  which  they  calJ  the  "Black  Hawk." 


i§S 
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FIO.  19, — SECTION  OP  KROM's  STANDARD  ROCK  BREAKER. 


IS  38*  Biips  and  Wearing  Paris  of  Dodge  Breakers, — Tables  13  and  14  show 
the  d«tii  c»btained  on  the  Dodge  t>T)e  of  breakers  from  the  mills  visited.     The 
cneml  explanations  of  Tables  9  and  10  (Blake  type  of  breakers),  in  §  32  and 
;  33,  tlso  apply  here. 

TABLE  14.^ — WEAR  OF  DODGE  BREAKERS, 

h.  I.=climed  iron:  C.  l.=caat  iron;  C.  P,=chc*k  plates;  C,  S,=CMt  tteel;  P.  8,=for|r«l 
.  ^  H-  8L=ti4ai]ii0red  cteel;  J.  R-jaw  filut«B;  lb.  =  pounfl;  M.  S.^maDRaocsesteel;  Ko.- number;  S.^^stoel; 
u  Cs«tael«aAdn|r;  T.=tor«fli?«;  T  B.=:to|f^le  beariogs;  W.  8.=:  wrought  Eteel. 
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liaa  t  wTtKaxUt  ttml  ban  lySx  10  laQhes  aud  a  top  plat«  of  wroujrht  ttAel*  aa  ifaowD  in  Ftg.  19. 
mom  ottxmtr%m  btmMSog  tbAC  ttom  wear,    ie)  Loses  utile,    id)  Plaa  thts  freight. 

^UK  SrHRAKX  RuEAKKR*'^  is  of  the  Dod^e  type  and  has  a  movable  Jaw 
Irical  stirioce^  aa  ehown  in  Fig.  *^0.     It  approaches  and  recedes  txomJ 
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the  fixed  jaw  with  a  combined  rolling  and  sliding  motion.    Maurice  Bellom  com- 
mends it. 


FIG.  20. — SECTION  OF  THE  8CHBANZ  BREAKEB. 

§  40.  Stubtevant  Roll  Jaw  Rockeb  Bbeakeb  and  Fine  Crusher^  made  by 
the  Sturtevant  Mill  Co. — This  machine  has  a  large  capacity  for  crushing  to  a 


no.  21. — BTUBTBVANT  BRKAmBL 


small  size.    Its  description  is  as  follows:  (See  Fig.  SI).    It  has  a  frame  1,  with 
a  fixed  jaw  2^  pivoted  at  3,  capable  of  receiving  slij^t  movement  at  4,  through 
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5,  the  piilBr  l)u'  spring  7,  the  opposing  wrdgcs  8.  tl)o  shims  9.  and  thp 
Qg  holt   10.     These  connections  are  provided   to  furniish   two  classes  of 
ttt'Dt :  tl)  The  spring  allows  Il»e  jaws  to  open  iu  case  a  hard  object  gets 
{2)  The  ftdjnj?ting  bolt,  wedges  and  shims  furnish  a  means  of  taking  up 
wear  on  the  jaw, 
Motioo  is  conveyed  to  the  movable  jaw  through  the  several  parts  as  follows: 
is  furnished  to  the  pulley  20,  which  is  bolted  to  the  fly-wheel  21,  and 
h*e!<  the  pitman  18  by  the  eccentric  Id,  causing  a  vertical  oscillation  to  the 
er  IT-IG,  about  the  center  16.     This  in  turn,  through  the  pin  15,  imparts  mo- 
an lo  the  piet^  11,  which  is  supported  by  the  pin  I5i,  the  link  13  and  the  pin 
Tin*  machine  is  a  toggle  machine  and  its  two  toggles  are  respectively  16-15 
id  23- la.     When  these  are  lined  up  by  the  rising  of  17,  it  causes  the  surface  23, 
lith  is  a  cylinder  of  radius  23- lo,  to  roll  from  below  upward  upon  the  surface 
which  is  also  a  cylinder  with  radius  22-16,  crushing  all  the  particles  lying 
twe€^n  these  two  great  roll  surfaces.     In  the  meantime  the  two  surfaces  24  and 
approach  on  the  Dtxlge  principle*  the  greatest  movement  on  the  greatest  lump, 
Bd  break  the  large  lumps,  the  fragments  falling  into  the  space  between  22-23 
«<i#»M  as  the  lower  jaws  open  preparatory  to  the  next  fine  crushing  act. 

^^ranite  cobblestone  weighing  2-5fj3  kilos,  measuring  4x5X5  inches 
.  was  crushed  in  6  seconds  by  a  machine  with  jaws  5X10  inches  at 
utiwtli.  widening  to  iX20  inches  at  the  throat,  and  yielded:  On  3  mesh,* 
|;  through  3  on  4  mesh,  2.2%  ;  through  4  on  8  mesh/32.l7o ;  through  8  on 
\  t^.bfo ;  through  16  on'30  n^esh,  14.8% ;  through  30  on  60  meah,  11.0%  ; 
jh  60  on  120  mesh,  7.5%  :  through  120  mesh.  7.7%  :  total,  100.0%. 
This  machine  is  only  just  coming  on  the  market  so  that  a  full  table  of  sizes  and 
eapiacities  is  not  to  be  had.     The  following  data  are  said  to  be  reliable: 
JjX4  inches.     Ljil>oratory  size. 

10  inches.     No  longer  made.     Crushed  from  40  to  70  tons  per  24  hours  from 

I  cube  down  to  i-ineh  when  running  at  250  revolutions  per  minute. 

^^16  inches,     Cnishes  from  48  to  72  tons  per  24  hours  of  hard  granite  to 

b#  and  half  the  product  will  pass  through  i-inch  hole.     Speed  is  250  revo- 

per  minute,  requiring  about  15  horse  power.    The  frame  is  of  cast  iron 

eighs  6  tons. 

r6X24  inches,     Cnishes  96  tons  in  24  hours  of  granite  or  hard  quartz  to  }  inch, 

floing  at  225  reTolutions  per  minute.     It  uses  20  to  25  horse  power,  and  weighs 

the  cmshing  of  samples  of  20  kilos  and  less  the  author  has  found  the 
6hze  rery  eflicient. 


QEKERAL   REMARKS   UPON    JAW   BREAKEB0. 

Tier*  a?^  two  lines  of  thought  along  which  di.^ussion  may  be  profitable: 
f<i)  A  rompariaon  of  the  Blake  type  with  the  Dodge  type  of  breakers. 
(h)  The  neca«^ity  f»>r  sin»plicit}'  of  action. 


J 41,  (a\   TnK  CoirrARisox  of  ttte  Blake  and  Dodge  Type  of  Breakers. — 
Iffucfc  Taken  place  over  the  question:  Should  the  swing  jaw  be 

ptTQi^i  ,1,, , ;  .  lv?    Afi  a  contribution  to  the  discussion  the  author  submits 

1WImJ5.  10.  17,  and  18. 
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f}i         '  '  f  tlif  throat.     Tlif*  brpiiking  &treng"tli  of  sandstone  Heing  , 

tit  f  per  H^iiarc  inch.  (>ec  Table  170).  the  T*inoh  cube  will 

TBCimre  41*  ■.M^*^^!^?^^^  pounds,  bdJ  the  7  one-inch  cubes  will  require  7X 
$,457=15,11*9  pounds,  rcf^pectivcly  to  crush  them.  The  movements  and  speed 
ef  the  two  machines  are  taken  from  Tables  5,  Itj  15  and  16,  and  are  as  follows:  { 

lto««m«Bt  ftt  moodi • 0.0781tich«      1        iDch. 

llovBawiiftftt  thnwi..** „....« ....0.85  tnctL      0.897tiich. 

^  riiilBQte..«,«.**»  I  »*«..., .«        875  800 

Then  the  total  movemeota  and  the  total  foot  pounds  of  work  per  minute  for 
each  when  treating  1  seven-Lnch  cube  at  the  mouth  and  7  one-inch  cubes  at  the 
llixoat  would  be  as  follows: 


Total  Forward  Movement 
per  Minute. 
Feet, 

Force  (0 
GnuhBock. 

PfMllldl. 

Foot  PouDdJ 
Of  Work  per 

MLDUto. 

en^^  1  At  the  mouth.. 
**■*">  At  the  throfct.. 

*''"■«*  1  At  tliothromt... 

3,     xaoo^it=«B.oo 

0.897xaQlX4'18^  0.92S 

aiA.888 
45,198 

8163M 
45.180 

SM^ftiS 

8Ga.M0 

7,809386 
445.600 

From  which  it  appears  that  the  Dodge  breaker  is  working  at  17.64  times  the 

*, 1109,825       ,^  ^,  \        ,-,     ^t     ' 
=  17.64  1,  while  the 


rmte  at  the  mouth  that  it  is  at  the  throat 


\  i 


448,600 
Blake  is  working  at  only  2,19  times  the  rate  at  the  mouth  that  it  is  at  the 

throat,   (  1  =  3.10). 

If  this  line  of  ailment  is  correct,  a  machine  go  unevenly  loaded  as  the  Dodge 
•^^'  frill  to  be  more  expensive  in  use  of  power  than  one  as  evenly  loaded  as 
It  will  doubtless  be  argued  that  this  statement  is  not  fair,  becauiie  the 
-*i^t'  runeaks  the  piece  long  before  it  has  gone  its  1  inch.     This  is  true,  but  in 
ply  it  nmv  Iw*  %\nU^{\  that  while  it  was  breaking  the  rock,  it  was  doing  work  at 
above  Mil  rate. 

II  ti  -ume  that  our  7-inch  cubes  actually  report  at  the  throat  at  the 

|i>  cubes  for  each  crushing  act  and  that  these  cubes,  and  no  more, 

iiough  to  drop  through  when  the  throat  openg^  then  it  will  take 

uruiiiiing  acts  at  the  throat  to  clear  away  what  one  crushing  act  does  at  the 

QUth.     In  other  wordji,  the  capacity  at  the  mouth  is  49  times  as  great  as  that 

the  throat.     Is  it  not  clear  then  that  the  Blake  method,  which  diminiFlies  the 

tion  at  the  mouth  until  several  revolutions  are  often  taken  to  make  the  firift 

£,  And  tncn*ftses  it  at  the  throat,  is  more  in  harmony  with  the  demands  of 

the  Dii^  ^tod  which  multiplies  the  already  ton  gn*at  ca- 

ih,  and  •;  s  the  already  too  little  capacity  at  the  throat, 


^  create  the  chuiving  effect  which  is  often 
r^ers.     In  Mill  ti\  on  aw  lt?<15-i]n!i  D^mIl 
tions  per  minute,  fed  w 
ih  to  1  inch  the  choking, 
in  a  hopper  of  the  form  sh 


d  ill  h\  run- 

.  running  at 

inch  in  size, 

n^  stopped  by 

:-,^     The 
hile  thfi 
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that  the  earlier  Dodge  breakers  gave  much  trouble  from  the  breaking  of  the 
lever  arm. 

The  commonly  expressed  comparison  between  the  two  machines  is  that  the 
Dodge  gives  a  more  even  product  while  the  Blake  has  a  larger  capacity.  This 
however,  could  hardly  be  true  with  machines  built  with  the  movements  quoted  in 
Tables  15  and  16,  but  it  is  true  with  those  quoted  in  Tables  17  and  18.  This 
common  conclusion  may  be  due  to  the  fact  that  the  Dodge  breakers  are  usually 
set  to  do  a  little  finer  work  than  the  Blake  breakers. 

There  seems  little  doubt  that  the  Dodge  gives  a  higher  percentage  of  fines  than 
the  Blake  with  the  same  movement  at  the  throat,  especially  when  run  at  nearly 
full  capacity.  This  may  be  accounted  for  by  the  fact  that  the  Dodge  is  putting 
in  more  work  at  the  mouth  than  is  needed  to  prepare  the  lumps  for  the  throat. 
This  excess  of  work  is  making  fines  and  the  machine  is  acting  under  the  con- 
ditions of  choked  crushing.  (See  §  97.)  The  choking  or  stopping  of  the  Dodge 
is  probably  due  to  this  excess  of  fines,  combined  with  the  large  movement  at  the 
mouth.  Each  machine  has  its  place,  however,  and  the  one  to  be  used  will  de- 
pend upon  the  special  conditions  of  each  case. 

§42.  (b)  The  Necessity  for  Simplicity  op  Action. — ^A  breaker  which 
mixes  two  kinds  of  action  in  handling  its  charge,  will  generally  be  found  to  be 
wasting  either  power  or  time  by  so  doing.  If,  for  example,  a  breaker  crushes 
the  coarser  lumps  in  one  part  of  the  jaw  by  pressure  and  in  another  by  grinding 
action,  either  the  pressure  is  better  than  the  grinding  or  the  grinding  better  than 
the  pressure.  Whichever  method  proves  best  for  that  lump,  it  would  be  economy 
of  power  to  treat  all  the  lumps  by  that  method. 

A  breaker  may  be  built  up  of  two  parts  which  work  upon  different  principles. 
In  such  machines  the  first  or  upper  part  prepares  the  ore  for  the  second  or  lower 
part.  It  will  generally  be  found  that  the  first  part  has  a  vastly  greater  capacity 
than  the  second  and,  in  consequence,  it  is  either  clogged  with  ore  that  it  cannot 
discharge  into  the  second  part,  wasting  power  thereby,  or  it  must  be  underfed, 
and  so  wastes  time.  The  Sturtevant  roll  jaw  breaker  seems  to  overcome  this  ob- 
jection better  than  any  of  the  others,  as  the  portion  devoted  to  fine  crushing  has 
a  very  large  capacity,  probably  as  large  as  that  of  the  coarse  crushing  portion. 
The  widening  of  the  jaws  at  the  throat  is  made  to  contribute  toward  tlus  end. 

II. — ^The  Spindle  or  Gyrating  Brbaexbs. 

Of  these  machines  there  are  three  types : 

(a)  Those  which  have  the  greatest  movement  on  the  smallest  lump. 

(b)  Those  which  have  equal  movement  on  small  and  large  lumps. 

(c)  Those  which  have  the  greatest  movement  on  the  largest  lump. 

(a)  THE  spindle  breakers  having  the  greatest  movement  on  the  smallest 

lump. 

Examples  of  this  type  are :  The  Gates,  the  Comet  and  the  McCully  breakers. 

§  43.  The  Gates  Breaker  is  manufactured  by  the  Gates  Iron  Works,  in  the 
sizes  shown  in  Table  19.  It  consists  of  a  bottom  plate  1  (see  Pig.  25),  a  bottom 
shell  2,  including  the  chute  for  the  crushed  ore,  a  top  shell  3,  supporting  the  dies 
or  concaves  19,  which  are  of  chilled  cast  iron  or  steel,  a  three-armed  spider  6, 
funiishing  a  bearing  for  the  upper  end  of  the  spindle  25.  In^  the  very  latest 
design  the  spider  has  but  two  arms.  The  bearing  is  cylindrical  and  the  spindle 
tapers  upward  at  the  angle  of  gyration.  These  parts  are  all  suitably  flanged^ 
fitted  and  bolted  to  each  other  as  indicated  in  the  figure.  The  bottom  plate  1  is 
made  to  he  dropped,  for  ease  of  inspection  and  repair.    The  spindle  26,  with  a 
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brass  firmly  attached  to  the  gear ;  it  is  babbitted  inside  and  out  on  the  thick  side 
where  all  the  wear  comes.  While  the  interior  surface  of  the  hub  is  an  eccentric 
bearing  for  the  spindle  journal,  the  exterior  surface  is  a  journal  which  is  con- 
centric with  the  gear  and  finds  its  bearing  in  the  bottom  plate  1. 


TABLE   19. — ^DETAILS  OF  GATES  BREAKER.    (TUken  from  the  Catalogue.) 
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*  The  Nos.  1  to  8  breakers  are  now  built  with  only  two  openings  in  which  case  the  siae  of  each  opening 
ii  half  the  combined  openings,  that  is,  6x18.  6x8t,  7x83,  etc. 

tThis  is  a  general  figure.    For  fine  crushing  the  capadtj  will  be  l&m  and  the  power  greater. 

The  beveled  gear  9  is  driven  by  the  bevel  pinion  11  on  the  shaft  31,  through 
the  break-pin  hub  13  and  the  cast-iron  break-pin  14,  by  the  pulley  12,  which  has 
a  loose  fit  on  the  hub  13.  The  speed  ratio  of  these  gears  is  usually  2\  to  1. 
In  Mills  60  and  61,  it  is  2  to  1.  Around  the  pinion  11  is  a  large  opening  for 
oiling  and  tending  the  machine. 

To  prevent  dust  from  injuring  the  bearings  and  gears,  an  oil  bonnet  15  and  a 
dust  ring  16,  both  of  cast  iron,  gyrate  with  the  spindle  and  make  dust-tight 
joints  at  those  two  parts.  In  the  bonnet  15  is  placed  an  oil  hole.  The  oil  so 
fed  fills  the  spaces  down  to  the  step  28,  the  rotation  of  the  machine  now  causes 
an  upward  current  in  the  journals  of  the  eccentric  8  and  completes  the  dzcula- 
tion  by  returning  in  the  vertical  tubes  shown,  of  which  there  are  four.  A  horizon- 
tal pipe  (not  shown)  leading  in  at  the  level  of  the  step  28  serves  as  a  means  of 
pumping  in  oil  from  below  and  also  for  draining.  The  dust  cap  17  protects  the 
upper  bearing  of  the  spindle  from  dust.  If  the  oil  gets  thick  or  dirty,  it  may  be 
drained  out  from  the  drain  pipe,  and  hot  water  poured  into  the  oil  hole  in  the 
bonnet  15.  This  washes  out  the  oil  and  any  dirt  that  may  have  got  into  the 
bearings.    This  in  turn  is  replaced  by  fresh  oil  and  work  proceeds  as  usual. 

The  spindle  is  of  forged  steel  or  preferably  of  wrought  iron.  The  head  is  of 
chilled  iron,  with  soft  slats  cast  inside  for  ease  of  boring.  The  spindle  is  turned 
on  a  taper  to  fit  the  head,  which  is  driven  to  a  solid,  conical  fit.  The  lock-nut 
rings  26  and  27,  are  then  screwed  down  to  hold  the  head  in  place.  The  head 
is  generally  made  with  fine  corrugations  while  the  concaves  are  smooth ;  sometimea 
both  are  smooth. 

There  are  twelve  dies  or  liners  6  (Fig.  26).  The  space  1,  behind  and  betweoi 
thena  is  run  with  zinc.  One  of  them,  15,  is  called  the  key  liner  and  is  rectangu- 
lar in  section ;  behind  it  in  the  top  shell  is  a  groove  2,  for  a  wedge  to  drive  it 
inward  for  removal.  After  this  one  is  removed  the  rest  can  be  pried  off  one  at 
a  time.    The  ring  4  and  the  wedges  5  are  only  used  when  putting  in  new  dies. 

When  it  becomes  necessary,  owing  to  the  wear,  to  decrease  the  size  of  the 
opening,  the  spindle  25  and  head  18  are  raised  by  the  lighter  screw  29,  which 
lifts  the  octagon  step  24  and  i?  hold  by  the  jam  nut  30.  Th^ total  amount  of 
raiBe poseMe  is  2  inchcB  on  the  Nos.  6  and  1  breakers;  2}  inehes  on  Nos.  2,  3 
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itvJ  4 ;  3  inches  on  Nos,  5  and  6,  and  3^  inches  on  Nog.  7i  and  8.  It  is  cus- 
tomary to  have  several  sets  of  dies  or  concaves  of  different  thickness.  A  new 
enialier  head  will  be  mated  with  a  thin  get  of  dies  and  when  the  head  and  diea 
wmt  beyond  the  limit  of  the  lighter  screw  29,  the  spindle  is  restored  to  its  etart- 
ing  beighly  and  either  a  thicker  set  of  dies  is  put  in,  or  the  same  set  of  dies  with 
i  narrower  key  die,  are    reset  with  thicker  backing.    This  is  repeated  until  the 
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ta  worn  out.    In  the  former  casey  three  eets^  in  the  latter^  two  sets  of  diet 

t  a  head. 

^       a  certain  p^int  in  the  top  of  the  spindle,  which  is  at  the  fulcrum,  has 

motion  of  translation,  while  a  point  in  the  lower  end  of  the  spindle  gyrates 

m  cirrh^  it  follows  that  the  axis  of  the  spindle  describes  in  its  gyrations  a 

acute  cone.     Half  the  apex  angle  of  this  cone  will  be  called  the  angle  of 

tion,  and  ii=i  shown  in  Fig»  25,     This  angle  is  about  1 :  100  or  O""  34'. 

§44-  Tkt  action  of  the  machine  is  as  follows:    When  the  bevel  wheel  9  re- 

Ivw,  the  spindle  25  is  free  to  gyrate  or  rotate  in  the  eccentric  8,     Practically 

rotates  until  ore  is  fed  between  the  crushing  surfaces  18  and   19;  it  then 

tea.    This  gyrating  motion  causes  the  head  18  to  approach  and  recede  from 

eon^area  19;  and,  owing  to  the  fact  that  the  spindle  25  acts  as  a  lever  with 

"  Icnim  in  the  spider  6,  it  will  cause  a  greater  movement  at  the  lower  end  of 

^ at  it8  tipper  end.     This  causos,  upon  the  lumps  of  rock,  which  are  fed 

bto  flie  spaoe  between  18  and  19,  a  crushing  action  by  pressure  which  has  a 

r  movement  upon  the  smaller  lumps  than  upon  the  larger.    The  fulcrum 

Gates  is  located  at  the  lowest  margin  of  the  upper  journal  of  the  spindle. 

[rtiei  and  falls  inside  the  box  of  the  spider  in  adjusting  the  height  of  the 

le  and  head.    It  follows  then  that  with  this  adjustment,  the  angle  of  gyra* 

wn  by  the  central  vertical  lines  in  Fig,  25  (and  also  the  leverage)  varies, 

g  a  Htti**  plav   in  the  upper  and  lower  journals.     The  total   vertical 

icdi  of  I  (Up  is  only  3  J  inches  in  the  large  breakers,  and  2  inches 

amall^  a^  journals  are  fitted  for  the  halfway  position,  making  the  play 

0-0^  inch,  which  is  claimed  to  be  no  more  than  is  customary  on  any 
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The  large  lump  as  broken,  falls  a  little  to  a  fresh  bearing  to  be  broken  again 
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PIG.  27,— SECTION  AND  PLAN  OF  COMET  BBBAKBK. 


fLIMUiART  CEU8ELNQ. 


€ 
D, 
E 
F 

a. 

L 
J 
ML 


^ 


Osdllitillg  bos. 

Tripod  bmiiiig. 

Hopper, 

Liners  or  dias. 

Cnishiiif^  haad  or  shoa 

Spindle, 

Diistooyer. 

I>talooTor. 

Hub  belted  to  berel  wheel* 

Bev«l  wheel 

fiettel  ploion. 

Scaeltoa. 

Locee  self  Adjostlng  but- 

lOlL 

Slept 

liner  aeotiovi. 

B^QdwIieeL 


X 

r. 

1. 


KEY    TO    FIG.    '^7- 

Clutch.  16 

Hemovable  breaking  pins.  17 
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by  the  next  act  of  compression,  and  this  is  repeated  until  it  is  broken  fine  enough 
to  pass  the  throat  of  the  machine,  that  is,  between  the  concaves  and  the  head  at 
the  narrowest  point.     The  ore  then  passes  out  over  the  chute  2iJ. 

The  Gates  breaker  can  be  designed  for  finer  crushing  with  a' smaller  throw  than 
the  ordinary  jaw  breaker.  This  is  due  to  the  fact  that  the  corrugations  on  the 
hi^  are  creeping  backward  all  the  time  in  a  full  fed  crusher,  and  any  tendency 
to  pack  is  broken  up  by  the  constantly  changing  difference  in  the  parts  of  the 
bead  and  of  the  concaves  which  are  opposite  one  another. 
See  Tables  26  and  26  for  details  from  mills. 
§  45.  The  Comet  Breaker  (Fig.  V7  and  Table  20)  is  manufactured  by  Fraser  ' 
ft  Chalmers,  and  is  like  the  Gates  in  design  and  action.  There  are,  however, 
prtiun  differences  in  the  detail  of  the  construction  to  which  reference  will  now 
made.  The  chute  22  can  be  removed,  giving  free  access  in  front  to  the  beveled 
The  entire  chute  is  covered  with  a  boiler  iron  wearing  plate  21»  to  be 
when  worn  out.  The  spindle  Q  is  turned  a  true  eyluuler  above  to  fit 
i^  box  B  and  a  true  cylinder  below  to  gyrate  in  the  bub  of  the  gear  , 
^  spindle  toe  M  is  fitted  tight  into  the  spindle  and  is  turned  concave 
on  it&  Ml  to  fit  the  convex  side  of  the  loose  button  iV,  giving  perfect  self- 

Jjo^tmi :  '  t'n  these  two  parts.     The  button  N  is  fiat  on  the  under  side,  as 

the  step  0  on  its  upper  side.     N  is  therefore,  free  to  slide  on  O.     These  two 
irface#  will  always  wear  flat.     The  bevel  wheel  A'  has  a  cast-iron  hub,  the  inside 
irface  of  which  is  eccentric  and  acts  as  bearing  for  the  lower  end  of  the  spindle. 
lie  outiiide  acta  as  journal  for  the  gear  and  is  therefore  concentric  with  the 
.     For  any  point  in  the  spindle  the  radius  of  gyration  is  y^tr  ^f  tlje  dis- 
of  eaid  point  from  the  fulcrum.     Both  these  surfaces  are  babbitted  on 
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20. — DETAILS  OF  COMET  BREAKER.    (Taken  from  Catalogue. 

) 

1 

h 

\:Ui 

^fe 

Outsfde  Dimen- 

°sJ 

it 

n.in 

fel 

^1 

r  1 

-"3 

ifnna  of  Frame 

■£-2 

Pulley  Dlam- 

|£5 

1 

(5S   ^• 

S«it  with 
Breaker. 

II 

ct«r  and  Fuce. 

|l 

lncfc*« 

Tonn. 

PI.  In  Ft.  Id. 

P'Mjindfl 

Inchwi 

1« 

♦-10 

«-lx«-t> 

5.600 

U%  8U 

sue 

400 

fl 

':m 

&^ 

0-10x8-  a 

7.B00 

S4X10U 
30 X  tow 
4i!]cl2fi 

JM» 

400 

13 

.?t) 

6-e 

e-oi4-fj 

14.000 

4-0 

400 

30 

-  % 

ft-  1x4-10 

84,000 

4r-« 

400 

?»5 

J^ 

■'  a 

to -10x5-  S 

310  000 

40x14^ 

^(1 

4*H 

- 

42 


ORE  DBE88IN0, 


§  45 


the  spot;  the  sleeve  29  serves  for  babbitting  the  outer  surface,  and  the  mandril 
30,  for  the  inner.  The  velocity  ratio  of  the  gears  is  2:1  in  Mills  26  and  84. 
Friction  rings  X,  three  in  number,  furnish  the  gear  K  with  anti-friction  support. 
The  upper  and  under  rings  are  of  bronze  and  are  dowelled  to  the  gear  K  and 
the  base  2  respectively.  The  middle  ring  is  of  steel  and  is  free  to  revolve.  On 
the  dust  collar  /,  protecting  the  eccentric  hub  «7  is  a  tight  leather  joint  attached 
to  the  spindle  G.  Oil  is  fed  to  the  main  spindle  bearing  by  the  pipe  W,  and 
drained  from  it  previous  to  lubricating  by  opening  the  pipe  F.  By  filling  the 
pipe  W  to  the  level  of  the  tops  of  the  bearings,  perfect  lubrication  of  the  in- 
side and  outside  bearings,  as  well  as  the  friction  rings,  will  be  obtained.  For 
larger  machines  one  pint  of  oil  four  times  a  day  will  be  needed ;  in  starting  a 
new  machine,  the  oil  should  be  drained  every  two  days  and  the  support  23  taken 
off  and  cleaned.  This  oil  can  be  used  again  on  other  bearings.  At  H  is  another 
dust  collar  similar  to  I,  but  protecting  the  gear  teeth  from  ore. 

The  clutch  S  and  cast-iron  clutch  toes  T,  serve  to  put  on  and  take  off  power 
and  also  as  a  breaking  part,  so  that  if  a  hammer  head  is  fed  to  a  breaker,  the 
machine  stops  while  the  fly-wheel  and  pulley  go  on  revolving. 

The  oscillating  box  B  is  turned  true  cylinder  inside  but  is  tapered  upward  on 
the  outside  at  the  exact  angle  of  gyration  of  the  spindle  (1  in  100).  The  lower 
edge  of  this  box  35  is  the  fulcrum,  the  position  of  which  is  constant.  The  set 
screw  12  prevents  it  from  rotating.  When  the  spindle  is  raised  for  adjustment, 
the  box  does  not  rise  with  it,  thus  keeping  a  constant  leverage  and  a  uniform 
alignment  between  upper  and  lower  bearings  and  the  spindle.  In  the  figure  the 
spindle  is  shown  at  its  highest  position. 

A  guard  plate  Z  is  put  in  to  protect  the  gears  on  the  rear  side  from  harm. 
This  is  kept  locked  and  opened  only  for  oiling  or  repairs.  The  gears  are  of  steel 
cast  as  smoothly  as  possible  and  not  planed.  The  head  F  fits  the  spindle  on  a 
tapered  seat  and  is  held  by  a  key  11.     It  is  removed  by  the  draw  bolts  32  and  33. 

The  dies  or  concaves  are  put  in  place  after  cleaning,  drying,  warming  them  in 
cold  weather,  and  stopping  the  cracks ;  they  are  then  backed  by  running  in  molten 


pio.  28.        Fio.  29. 

SINGLE        SEOTIONAL 
PIECE  LINEB      UNBB. 
FOB  SIZE  E. 


FIG.  30. 

SINGLE 
PIEOE  HEAD 
FOB  SIZE  E. 


FIG.  81. 

SEOTIONAL 

(8-PIEOE) 

HEAD. 


FIG.  82. 

SBCnONAL 

(5-PIBOB) 

HEAD. 


zinc.  The  warming  helps  the  zinc  to  flow.  Each  liner  is  made  in  one  piece 
(Fig.  28),  or  in  two  pieces  (Fig.  29)  on  account  of  the  greater  wear  at  the  lower 
end.  In  the  latter  form  the  upper  section  lasts  twice  as  long  as  the  lower  section. 
The  head  is  also  made  in  several  forms.  The  ordinary  is  all  in  one  piece,  as 
shown  in  Fig.  30.  Later,  composite  forms,  jointed  by  zinc  and  providing  for 
the  greater  wear  hi  the  tips,  are  shown  in  Figs.  31  and  32.    The  lower  part  will 
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r>  as  fast,  and  the  upper  part  half  as  faj?t  as  the  middle  part. 

.  ^  ss  metal  to  the  grnip  heap  than  when  the  head  is  in  one  piece. 

9  and  lO  (Fig.  H"* )  are  ring  bolts  lasea  for  lifting  out  the  various  parts;  8  is  the 
staple  for  fastening  the  plate  Z, 

546.  Adjusiment  for  Wear. — The  Amount  of  Throw, — In  the  earlier  forms, 
the  weiir  iif  the  head  and  liners  is  taken  up  by  raising  the  spindle  by  the  introduc- 
tiosft  of  httttons  under  the  step  pieee  0.  When  thi^  has  reached  its  limit,  the 
r>r  r  '  '  •'  to  he  cJianged  as  in  the  Gates  breaker,  and  the  spindle  lowen^d 
to  rig  point     The  hntton  adjustment  was  a  clumsy  arrangement, 

[•'»'  fomi  (see  Fig,  33)  there  is  a  ram  A'  provided  with  a  steel  toe  d\ 
-i.tnds  the  hemispherical  buttoa  g  and  the  spindle  G.     At  the  lower 


fi 


-m 


A\' 


1 


s 


>"' 


#"^v 


flO*   33.— COMET   BREAKER   WITH 
KBW   CHJklN   ADJUe>TMENT. 


no.  34 — SECTION  OP  THE 
MoOtJLLy  BHEAKER, 


the  ram  are  I  wo  supporting  sheaves  T,  and  running  through  a  slot  in  the 

haft  F.     A  crank  shaft  C  turns  the  serew  B*  of  the  worm  gear 

r  W  and  the  grooved  drum  1',  upon  whieh  thr  chain  U  winds. 

niider  oni^  ?:heave  T,  over  the  loose  fheave  0.  under  the  other 

_f  to  he  attached  to  the  friime  at  uk     In  the  largest  breaker  E, 

"•  lifte«I  by  this,  mechanism  9  inches  vertically.     The  whole  is 
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Some  of  the  dimensions  and  the  amount  of  movement  of  the  Comet  breaker 
are  given  in  Table  21. 

TABLE  21. — ^DIMENSIONS  OF  COMET  BBEAKBB. 


Siie. 

Vertical  Dis- 
tance from  Ful- 
crum to  Top 
of  Liners  or 
CkHicaves. 
Inches. 

Vertical  Dis- 
tance from  Ful- 
crum to  Bottom 
of  Liners  or 
Concaves. 
Inches. 

Vertical  Dis- 
tance from  Ful- 
crum to  Center 
of  Eccentric 
Journal. 
Inches. 

Total  MoTement,  or  Throw.         | 

At  Top  of 
Liners. 
Inches. 

At  Bottom 

of  Liners. 

Inches. 

At  Center 

of  EksoMi- 

tncJoam*L 

Inches. 

i 

0 
D 

B 

8 
10 

14 

18 
94 
87 
88 
88 

66 

07 
78 
Vt 

108 

.16 
.80 
.81 
.86 
.88 

.86 
.48 
.64 
.66 
.76 

1.18 
1.84 
1.88 
1.84 
8.16 

See  Tables  25  and  26  for  details  of  Comet  breakers  in  the  mills.  • 

§  47.  The  McCully  Gyrating  Breaker  (Table  22  and  Fig.  34)  is  manu- 
factured by  R  McCully.  This  breaker  is  in  principle  like  the  Gates  and  Comet, 
but  it  has  certain  differences  for  which  advantage  is  claimed.  They  are  as 
follows : 

The  spindle  C  is  not  supported  on  a  step  below  but  is  suspended  from  the  tripod 
m*  through  the  adjusting  nut  m*,  the  screw  m  and  the  ball  and  socket  joint  m}p, 
consisting  of  a  spherical  ball  m}  and  a  screw  plug  p,  with  a  hemispherical  socket 
on  the  under  side.  The  nut  m*  is  held  at  any  particular  thread  by  a  key  m*  to 
suit  the  raising  or  lowering  of  the  crushing  head.  The  top  journal  of  the  spindle 
is  turned  cylindrical  while  the  inside  of  the  sleeve  6*  is  conical  to  suit  the  angle 
of  gyration.  The  fulcrum  is  at  6".  The  effect  of  this  combination  is  that  the 
weight  of  spindle  and  head  are  carried  upon  the  tripod  with  greatly  reduced 
friction,  while  in  the  Gates  and  Comet  breakers  this  weight  causes  the  sliding 
friction  of  the  step  below.  The  machine  has  a  side  ma^ole  which  enables  it 
to  be  safely  lubricated  while  running.  The  bearing  of  the  large  gear  can  be 
removed  for  repairs  by  lowering  the  bottom  by  bolts  without  taking  down  the 
machine.    A  flexible  canvas  hood  0  excludes  the  dust  from  the  bearings  below. 


table  22. — SIZES  OF  McCULLY  breaker.    (From  Catalogua.) 


8tn». 

breaker. 
Brands. 

Site  of  end] 
fe*d  open- 
ing in 
breflcer. 
InchM. 

Slieofcom 
bitiedfeed 
opening. 

Ineb^. 

GapadtT  P*r  24 

hours  In  toesi  of 
2,QfT0  pounds  to 

b&U^tskerSH 
inches). 

Dimensions  Of  AtT- 
tniTpull^a. 

lU'Totuttons 

of  drfririf; 

pulley  per 

mlemt*. 

Oeon  reduce 

thiiH- 

inhorwpgw- 
er  for  br»k- 

Diameter 
Inches. 

lochea. 

atidiicfMa. 

1 
8 
3 
1 

\ 

7 
8 
0 

a,500 

14,000 
81,000 

*8,000 
64,000 
«1,«W 
300,000 

BxlS 
8x14 
7xlS 
8x18 
10x90 
UxS4 

80x44 

5x89 
6x48 

7x45 
8x54 
10x60 
11X73 

80x133 

109  to    204 

\m  *^    2S& 

890  "     460 

4«0  "    ?30 

720  »     BflO 

two  *' 1.440 

1,410  ''3.000 

8,400  ^*  3,000 

8,880  *' 4.800 

80 
84 
88 
38 
36 
40 
44 
48 

4 

\ 

8 
10 
18 
14 

16 

18 

900 

475 
450 
4^ 
4O0 
375 

tm 

m 

Eto    e 

8'*    10 
It"    15 
15  '*     30 
18^*    a 
85"    » 
40  "    80 
«  "    7B 
80  "  110 

An  older  form  of  the  McCully  breaker  has  no  ball  and  socket  joints  but  simply 
has  two  large  lock  nuts  upon  the  threaded  upper  end  of  the  spindle.  The  lower 
lock  nut  rests  directly  upon  the  sleeve  6^  (Fig.  34).  This  has  the  disadvantage 
that  the  sleeve  bears  only  at  one  point  at  a  time  and  there  is  more  or  less  of  an 
up  and  down  or  seesaw  motion  of  the  head. 
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^'      i  ■  OF  THE  Gates  akd  McClilly  Breakers. — A  romparativ 
'  ^  Iron  Works  on  tht*  regular  Gates  breaker,  a  Gates  breake 
ipp!  a  ^u^J^6n^k■^l  fciliaft  SO  iiiadr*  atf  lo  obviate  any  seesaw  motion,  and 

L  01  .ic(.'ully  breaker,  gave  the  re^^ults  showTi  in  Table  23-     The  conditiona 

with  regard  to  speed,  amount  of  throw  and  leverage  were  the  same^  and  the  same 
crashing  head  was  used  for  all  three  tests. 


TABLE  23. — COMPARATIVE  TEST3  OF  SPINDLE  BREAKEH8. 


fitflfloTBteAker. 

Test 
No. 

OpeDlng 

&t 
Tbroat. 

Eock 
Uied. 

Pourwla, 

TImo     ; 
Conaum- 1 

©d. 
Mfnutoa, 

Net 

Power 

Used. 

Ampdrea. 

R«l»ttTO 

Work  Used. 

BMlar  G«t«6,  No.  0 

Q^BS  No.  0.  wltU  suspcduled 

tiMirt- VT^ 

S&&d4 
5aiid6 

0.17 

0,17 
0.17 

GOO 

£00      ' 

eoo 

9.98 

10.88 
18.51 

10.64 

».ff7 
8.77 

108.6 

lOOeO 

UC.O 

on  ityle  McCoUy 

The  rock  used  was  hard,  cloge-grained  granite,  all  between  3  and  IJ  inches 
diameter,  and  had  a  compressive  strength  of  about  30,000  pounds  per  square  inch. 
The  **Xet  Power  Used*^  is  obtained  by  subtracting  the  power  used  in  running 
empty  frooi  the  total  used  in  cmshing.  The  ^'Relative  Work  Used  in  Crushing'' 
ezprenea  the  ratio  of  the  products  of  power  multiplied  by  time.  Sizing  tests 
of  Iba  products  are  given  in  Table  24. 

TABLE  24. — SIZING  TESTS  OF  PBODITCTS  FBOM  SPINDLE  BBEAKERS. 


TMtaNo0.8and  4. 

Tests  Nos.  5  aDd  d. 

Tests  Nob,  7, 8  and  9. 

Pounda. 

I^rCf^Bl 

PouDda. 

Per  Cent, 

Pounds. 

Per  Cent. 

Orcrlliieli.., 

Tlmmi^  1  on  fi-inch 

1.5 

80.S 
834.0 
90.6 

i».a 

0.80 

10.15 
46.08 

so.oo 

84,68    1 

1-5 
69.6 

218.5 
99.0 

190.0 

o.ao 

It.W 

43,88 
19,86 
84,07 

0,56 
88.60 
196.80 
186,70 
151,90 

0.19 
4.00 
89,70 
25.80 
80.18 

TliTQugh  4i|  OD  4-itich  T  *  t . . , . . . 

TtirottChf  ofi  i  inch.. 

Tbrou^b  k  on  ^  rioctl.. »,..... 

To«*l. 

4»?.5    J 

100,01 

498.6 

100.00 

600.7 

99.99 

Thifl  tahle  shows  that  the  extra  work  done  by  the  old  MeCully  breaker  as  shown 
in  Table  23^  has  made  its  appearance  in  a  finer  crushed  product 

(i)    BPIKDLB  BEEAKEBa   WITH   EQUAL  MOVTIMENT   ON   LARGE  AND   SMALL  LUMPS. 

I  4!>.  RcTTBB  Breakeb. — S,  E,  Krom  has  in  his  catalogue  a  figure  called  the 
improvi**!  Rutter  breaker  It  places  the  cnieher  head  directly  upon  a  long  eccen- 
tric moning  its  whole  length.  The  spindle,  therefore,  revolves  and  the  crusher 
head  ajnitea  upon  the  spindle.  This  is  the  earliest  form  from  which  the  modem 
ipiaw  breakers  have  been  developed.^ 


{j^y  tPIKDLB    BBEAXEB3    WBICH    HAVE    THE    GREATEST    MOVEMENT    UPON    THE 

LARGEST   LUMP. 

550.  The  Tx>wiiY  National  Breaker,  the  rights  of  which  are  now  owned  byi 
lat#**i  Iron  Works,  represents  this  clas.«.     The  spindle  has  a  pivot  consisting 
1>«!n  .inrf  "socket  Ijcarintr  placed  just  below  the  crusher  head.     Breaker  No, 
fy  f  thi.^  pattern.     fSee  Table  25.) 

r »  » FTP  ji»/i,  j«*i#^rr«1  Man-li  a  tB0».    Brown*9  Improved  Mfll.  Mnrch  »,  IHTS;  T«lttni«&1&e^^«n^ts^l> 
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§  51.  Comparison  of  Spindle  Breakers  of  Class  {a)  with  Those  of 
Class  (c). — The  remarks  made  in  compariug  the  Blake  and'  Dodge  types  of 
breakers,  (§41),  apply  here  with  equal  force. 

§  52.  Mill  Data  on  Spindle  Breakers. — Table  25  gives  the  details  of  the 
spindle  breakers  in  the  mills  visited  by  the  author.  These  machines  are  all  fed 
dry.  It  is  noticeable  that  they  are  all  of  them  machines  of  large  capacity,  but 
are  run  much  below  their  limit.  In  the  mills  using  Comet  breakers  the  new 
worm-gear  adjustment  is  evidently  becoming  a  favorite  means  of  adjustment  for 
taking  up  wear,  the  old  Comet  adjustment  with  buttons  being  used  only  on 
machines  of  earlier  date. 

table  25. — ^details  of  spindle  breakers. 

AbbpeTJatJonB,  — Br. -breaker;  C.^ouroet:  Cap. = capacity;  Eftt.=6&Umated;  Q,=6atai;  g]ix.=:grlzxlj; 
H.  P.  =  honie  fiowert   it].=lncbes;   L.=LQwry^  Max.=mAxiiiiiim;  No.=iiumb<er. 


1 

i: 
% 

I 

1 

1 

ReToIu- 
tioriB  per 
Mioute- 

KieofFbod. 

Si£e 

to. 
iDchea. 

\i 

it 

Hwd  Bated 

^ 

^f 

If  si 

b/**^ 

iA 

c. ; 

a. 

8: 

Q. 

a. 
o. 
a 

I* 

D 
4 

3 

3 
3 
6 
D 
D 

^0 
840 
425 
500 

100 

Mine 

fl 
*.% 
ti. 
At 

MB              *      1*      ■  ** , 

1 

900 

no 
eoo 

75 
IT 
185 

too 

100 

(61960 
900 

WonngMT, 

m 

over  lU  Id.     '* 

M 

480 

(/> 

m 

Off 

19 

f<k^f4w  tf}  0  In 

6S 

m&  W^^    " 

880 

(»> 

ficnew  to  e  to- 
Scfew  to  6  lEL 

R?l 

Sliimsuptiieitt. 

B4 
SO 

400 

900 

OTer  1J<  Id,  ip-tK. 
CO 

(A> 

40 

(a)  These  are  eetixiiatee  by  the  mill  iiiana|<era;  for  oapacitiee  quoted  by  manufaoturerB,  see  Tables  19  and  SO. 
(fr)  This  can  probably  crush  1,440  tons  in  94  hours,    (c)  Repairs,  oil  and  other  inddentals,  $800  per  year. 


is  the  result  of  actual  measurement,    (e)  None  except  occastonal  babbittioj 
•  •  •  ih)  Bab&ttincr  bearlngn.    -  "^ 


months,    {g)  Bevel  gear  and  pinioo  gear, 
trommel,  1  in. 


(0 


r-  .- «l)Thi8 

(/)  Babbitt  eccentric  every  6 
•ugh  No.  8  breaker  on  Na  1 


Table  26  shows  the  wear  and  cost  of  parts  in  the  spindle  breakers  and  is  com- 
puted in  the  same  manner  as  described  under  the  Blake  breaker^  §  33. 

TABLE   26. — WEAR   FOR   SPINDLE  BREAKERS. 

AbbreTlationa.— 1st  G.  B.slst  grade  babbitt;  B.  P.sbreaking  pin;  B.  W.  L=best  white  iron;  C!h.  Lsdhilled 
iron;  C.  H.  8. =caae  hardened  steel;  C.  I.=castiron;  E.=each;  lI.=Head;  L.=Liners;  M.  G.  B.=main  gear 
babbitt;  P.=pivots. 


i 

1 

1 
1 

1 

1 
1 
1 

Wearing 
part. 

Material. 

T^>tal  weight 
Pounds. 

Cost 

per 
pound. 
Tiew. 
Gents. 

Sen 

pw 

pound. 

*01d. 

Cents. 

Ufto. 

Wear  per  ton. 
Pounds. 

Cost  per  too. 
Cento. 

^ 

New. 

Old. 

Days. 

Tons. 

Gross. 

Net 

GroM. 

Net 

96 

H. 

L. 

B.P. 
H. 

k 

19  L. 

RP. 

H. 

L. 

P. 

M.G.a 

H. 

k. 
k 

11 G.  a 

B.P. 

Ch.L 

%% 
•• 
•« 

8,800 

i  1,440 

11.760 

(a) 

9.700 
}  1,840 

6 
6 

0.66 
0.66 

860 
(190 
1160 

60,400 
18,000 
94,000 

0.0666 

0.111 

0.018 

0.0110 
0.0077 
0.0176 

0.881 
0.666 
0.440 

0.846 
0.607 
0.408 

Ytf> 

(6) 

|l 

945 
945 
140 
996 

15 
108 

90 

I 

90,000 
00,000 
49,000 
67,900 

90  E. 
800 
000 

768 

TOE. 
600 
400 

85 

0.010 
O.O089 

0.005 
0.0080 

0.107 
0.046 

61 

Ch.L 

C.  H.  8. 
1st  G.  B. 
CJh.L 

B.W.L 

Ch.L 

0.L 

600 

aoo 

7 
7 

i^ 

19,780 
11.960 

0.060 
0.066 

o.ons 

0.0984 

0.40 
0.475 

0.41 
0.887 

m 

fta 

1,800 
1,875 
1,000 
9,000 

7 

7 

4 
4 

i 

180 
180 
180 
180 

10,800 
10,800 
16,000 
16.000 

0.167 
0.197 
0.0085 
0.195 

6!oiw 

0.0675 

1.167 
0.891 
0.900 
0.000 

84 

TOO 
1,400 

0.917 
0.484 

88.000 

o.i 

6 



(a)9X9xl0iiiQheB.    (fr)  180.00  per  set.    (c)  1^  x  7  inohes.    (OUnstSme. 
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r   *>j    Maiifif/intj   I  leads  and  ('ojuava^  on  Spindle  Breal^crs. — In 

sets  of  concaves  of  varying  tliickDcs6  arc  u:*ed.     A  new  bead  in 

'  witli  it  tltc  thruuc^t  set  of  cnncavo;^.  nud  the  screw  ailjustracnt 

'   s'mo  until  the  head  h  raiso<l  to  it?  highest,  tlien  the  proce8«  is 

r^enu^i  wiih  a  medium  set  of  concaves,  and  finally  with  a  thick  set.     At  the 
|if)  of  tli»»  third  pefHul  the  head  is  wnni  out  and  the  routine  ig  gone  over  again* 
In  Mill  S3,  two  thicknesBes  of  concaves  only  are  used  during  the  cycle  and  the 
^ndlc  h  niinni  by  i^ix  buttons,  each  1  inch  thick,  one  at  a  time. 
In  Xnil  26  a  Coojet  D  breaker  wore  its  parte  as  indicated  in  Table  27.    The 
of  n.Tnoving  old  concaves  and  putting  in  new  ones  was  about  $24,50,  includ- 
;  jdDc  for  backing.     The  cost  for  changing  a  head  was  atjout  the  eaine. 

TABLE  27, — SHOWING  WEAR  OF  PARTS  IN  MILL  26. 


Coiicarea. 

Head. 

iDChea. 

Welg]it. 

WeigbL 
Voanda. 

K    ^  _^ 

SHI      i 

1,440 

^BL^m  fMM 

8,«0Q 

f^iiiaii 

1 

U44a 
1.TW 

t^Sf» 

wi:iSm.i: 

m 

hm 

Chiackl  Itgh  aiade  by 


Lake  Superior  Itod  Works. 

U  km  II  •» 

14  m  «t  I* 

Loc&l  fouDdry. 


Cost  p€*r 
pouad. 
Cento. 


Life. 


Dayi. 


Tons, 


18,874 
38,860 

4,154 


GEKEBAL   COKSIDEEATION   ABOUT    BREAKERS   AND   BEEAEINO, 


|M.  QrALiTY  OF  Crushing  by  Breakers. — Two  sizing  tests  are  given  aa 
lows: 

In  ilill  25.  breaker  No,  1,  a  9X15-indi  Blake,  set  to  crush  rim  of  mine  con- 
taining dolomite  with  disseminated  galena  li  inches  in  size,  yielded  the  following 
nxes:  On  1|  inches,  5L2%  ;  through  Ij  on  J  inch,  10.7%;  through  I  on  g  inch, 
7JB%  ;  through  |  on  |  inch,  7.9%  ;  through  f  on  ^  inch,  0.3%  ;  through  i  inch  on 
4  mm.,  4.8% ;  through  4  nam,  on  1  mm.,  4.4% ;  through  1  mm.  on  |  mm.,  0.4% ; 
^loogh  i  mm.,  1.1%;  total,  100.00%. 
K,  Von  Revtt*"  gives  the  following  sizes  as  produced  by  a  jaw  breaker  running 
"it  230  V     '  -  and  cm?hing  lumps  of  Przihram  ore  all  about  04  mm.  size. 

_Tlirough  2  mm»,  22.35%;  through  33  on  22  mm.,  24.1^%;  through  22 

~~     IC  nuiu,   US..S5%  ;  through   10  on   \t  mjn.,  \:lt%\  tiirough   1*^  on  8  mm., 
115%  ;  through  8  on  0  mm.,  5.03% ;  through  0  on  4  ram.,  1.40%  *,  through  4 
3  mm..  1.40%  ;  through  3  on  %  mm..  1.91%;  through  %  on  1  mm.,  3.00%; 
_|i   1  on  i  mm.,  1.70% ;   through   i   on  i  mm.,  1.94% ;  through  \  QTx  ^ 
|lm,,  \,%Z%\  through  ^  mm.,  2.10%;  total,  100.00%. 
For  other  eizing  tests  see  §  48  and  §  63. 

Too  much  importance  should  not  be  given  to  the  foregoing  figures,  as  the  per- 
itages  vary  murh  nrconling  to  circumstances:  for  example^  whether  the  mine 
I  af©  sifted  out  or  not,  whether  the  ore  is  tough  and  brittle,  or  soft  and  granu- 
ir^  irhcthrr  the  machine  is  get  fo  rnish  small  or  hirgo,  whether  it  is  of  Blake 
or  Dodge  typ^^  whether  the  erufihing  gurfaces  are  eharply  corrugated  or  smooth. 
Afl  AD  example  of  this  la.st  condition  we  have  Mill  13,  where  a  Blake  breaker 
\t^^  Trtfi?^  o\   Is  used  to  crufih  pyritc  for  kOn  roasting.     New  jaws  with  sharp 
'  approximately  14%  of  fines  in  crusihing  rock  to  pass  through 
rjM   J   fTKii   in  diameter,  while  old  round  and  smooth  plates  make  30%  of 
pef.    Hence  Uie  rery  short  life  allowed  for  plates  in  that  mill. 
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§  56 


With  the  Gates  breaker  it  has  been  found  possible  to  do  "choke"  crushing  (see 
§97),  and  so  crush  the  material  liner  than  the  opening  at  the  throat  would 
indicate.  As  a  specific  example,  a  No.  4  Gates  breaker,  set  at  1\  inches^  sent 
its  product  to  a  trommel  with  J-inch  round  holes  and  the  oversize  which  was 
large  in  amount  was  returned  and  mixed  with  the  large  lumps  of  feed.  This 
mixing  of  the  large  and  small  lumps  is  essential  to  produce  the  '*choke"  crushing. 
The  capacity  of  this  system  is  144  to  168  tons  of  granite  in  24  hours.     The 

Eroduct  contains  less  fines  and  fewer  elongated  or  flattish  lumps  than  where  the 
reaker  is  set  to  crush  to  %  inch  in  the  ordinary  way. 

§  55.  Material  for  Wearing  Parts. — A  glance  at  Tables  10,  14  and  26 
shows  that  chilled  iron  is  by  far  the  most  common  metal  used.  The  detailed 
statement  is  as  follows :  Spindle  breakers — all  use  chilled  iron.  Dodge  br^Jcers 
— 3  use  steel  jaws  and  cheeks,  2  use  chilled  iron  jaws  and  cheeks,  2  use  steel  jaws 
and  jron  cheeks,  3  use  steel  jaws  (cheeks  not  given).  Blake  breakers — 12  use 
steel  jaws  and  cheeks,  42  use  iron  jaws  and  cheeks,  9  use  steel  jaws  and  iron  cheeks, 
4  use  steel  jaws  (cheeks  not  stated),  48  use  iron  jaws  (cheeks  not  stated). 

Mills  ^l  and  64,  in  Table  10  (Blake  breakers)  and  Mill  26,  in  Table  14  (Dodge 
breakers),  show  the  superiority  of  manganese  steel  over  chrome  steel,  hanmiered 
steel,  cast  steel  and  chilled  iron.  Mill  40  reports  the  same,  without  furnishing 
complete  figures.  Mill  62,  in  Table  10  (Blake  breakers),  shows  more  favorably 
for  chilled  iron  as  against  chrome  and  manganese  steels.  The  ore  is  very  hard 
to  crush. 

Averaging  up  the  figures  of  gross  cost  of  jaw  plates  from  Table  10,  we  get  the 
averages  given  in  Table  28. 


table  28.--COMPARATIVE  WEAR  OF  METALS  FOR  JAW  PLATES  OF  BLAKE  BREAKERS. 


Avenge 
of 

Gross  cost  of 
metal  per  ton. 

Chrome  steel 

6 
9 

6 

1 

10 

Cents. 
1.488* 
0.864 
0.068 t 
1.68 
0.8S6 

Cast  iron  (probably  chilled) 

Mang^aoese  steel  • 

White  iron 

Chilled  iron 

*  This  figure  is  unfavorably  influenced  by  one  very  high  figure  (MiU  6S)  which,  wlieo  omitted, 
the  STerage  to  0.870  cents. 

t  This  contains  one  yery  high  figure  (Mill  68)  which  if  left  out  would  reduce  the  average  to  0.464  cents. 

The  figures  in  Table  28  do  not  quite  fairly  represent  the  relative  costs^  for 
the  following  reasons:  Mills  crushing  soft  ores^  as  the  Missouri  limestones^  are 
all  given  chilled  cast-iron  jaw  plates,  while  mills  with  a  hard,  tough  ore  to  treat 
use  one  of  the  steels.  If  the  applications  were  reversed,  it  is  probable  that  costs 
given  for  the  steels  would  be  greatly  reduced,  and  that  for  chilled  cast  iron  pro- 
portionately increased. 

For  jaw  breakers.  Gates  Iron  Works  recommend  manganese,  chrome  or  John- 
son steel  for  hard  work ;  otherwise,  chilled  iron.  Fraser  &  Chalmers  reconunend 
manganese  and  chrome  steel  for  longest  life  and  cheap  repairs.  T.  A.  Blake 
says  that  everything  considered,  chilled  cast  iron  is  most  satisfactory  and  eco- 
nomical, giving  better  results  than  cast  steel.  For  fine  multiple  jaw  breakers,  he 
uses  best  tool  steel;  for  coarse  multiple  jaw  breakers,  chilled  iron.  For  large 
breakers,  Blake  recommends  corrugated  jaws;  for  small,  smooth  or  plane  jaws. 

For  the  qualities  of  the  various  metals,  the  reader  is  referred  to  the  discussion 
given  under  rolls  (§79),  bearing  in  mind  that  the  tendency  of  chilled  iron  to 
become  pitted  when  used  for  roll  shells  does  not  affect  it  adversely  for  the  wear- 
jng  phTts  of  breakers  and  that  the  quality  of  manganese  steely  that  it  does  not 
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fully  return  to  \\^  fiirni  after  expansion  by  heat  aud  work,  will  be  no  difiad- 
vanUg^  in  jaw  brvakers,  but  may  cause  dinieulty  in  spindle  breakers. 
The  higher  priced  metals  have  longer  life  than  chilled  east  iron  and,  in  con- 

nnence^  the  charge  against  ehanging  the  parts  is  reduced,  as  it  occurs  less  often, 
\  56.  Use  of  Wateb. — Water  is  sometimes  fed  to  the  rock  breaker  with  the 
E,  Tbil  custom,  by  mills^  is  as  follows: 
With  witer— 16  Blake,  0  Dodge,  0  spindle. 
Without  water— 39  Blake,  6  Dodge,  11  spindle. 

The  idditioQ  of  water  is  made  under  two  considerationfi :  First,  it  is  sometimes 
neciSimij  to  add  the  water  to  the  system  to  move  the  ore  in  the  chutes,  and  if 
lOi,  why  not  feed  it  in  the  breaker?  Secondly,  crushing  is  hastened  and  the 
production  of  slimes  is  lessened  by  adding  water  to  get  the  fines  out  of  the  way, 

Krticularly  when  the  ores  are  soft,  muddy  or  talcose.  For  example,  in  Mill 
tlvt*  Blake  has  water  connections  which  are  used  only  when  talcose  or  soft 
^  fed-  Water  prevents  packing  of  a  breaker  from  clayey  ores  and  for  this 
Bll  a  stream  of  water  from  a  1-inch  pipe  is  kept  running  into  the  breakers 
lUi  treat  soft  ore  in  Missouri.  It  is  even  said  that  pouring  a  cup  of  water 
into  a  breaker  clogged  with  clayey  ore  will  often  start  it.  Water  may  also  be 
naed  to  lay  du«t  in  case  of  need. 

$  57.  LikBGE  VERSUS  Small  Breakers. — The  tahles  show  that,  as  a  rule,  the 
braikers  are  run  far  below  their  capacity  and  for  a  few  hours  only  out  of  the 
twenty-four. 

The  advantages  of  a  large  breaker  are  that  it  saves  cost  of  sledging;  that  it 
will  do  its  &hY%  work  in  a  short  time  and  leave  the  attendant  free  for  other  work, 
tho5  saring  labor.  The  disadvantage  is,  that  it  costs  more  at  the  start  and  needs 
a  lar|;er  engine,  but  it  does  not  on  that  account  consume  more  power  per  ton. 

%  58l  BsSorriALS  of  a  Good  Breaker, — It  should  be  strong  enougli  to  resist 
tbe  fitreseea  and  heavy  enough  to  work  steadily.  It  should  be  of  ample  size  to 
take  the  largest  lump.  Its  action  should  be  simple  and  its  wearing  parts  accessi- 
We  and  easily  removed.  There  must  be  no  possibility  of  contact  of  oil  with 
the  ope.  The  jaw  breakers  need  heavy  fly-wheels.  All  breakers  need  a  cheap 
breakrng  piint.  Hahlin**  for  jaw  breakers  recommends  this  to  be  the  bolts  which 
bold  the  cap  of  the  pitman,  ivhereas  in  the  spindle  breakers,  it  is  a  special  break- 
iag  pin  canneeting  the  driving  pulley  and  fly-wheel  with  the  driving  shaft  of  the 
machine. 

§  59.  Cost  of  Crushing. — Estimates  for  the  cost  of  crushing  have  been  pre- 
Mml  for  different  sizes  of  both  jaw  and  spindle  breakers,  and  are  shown  in 
Tables  2^  and  30.     The  basis  for  the  estimates  given  on  the  jaw  breakers  is  as 

lows: 

1.  8it^,  oajHicUiei,  powers  and  original  costs  are  taken  from  the  catalogue 
Tea  given  in  Table  5. 

t.  Oil,  costing  35  cents  per  gallon*  is  estimated  to  be  used  at  the  rate  of  1 

Mart  per  24  hours,  on  a  13X3n-inch  breaker,  crushing  540  tons  in  24  hours. 

The  coft  per  ton  is  3.5X^-^540=0.016  cents.     The  cost  per  ton  for  a  4XlO-inch 

":er,  estimated  to  use  i  pint  per  24  honrs,  crushing  84  tons  is  35X^iV4-84= 

9^  cents.     The  average  of  these  two  figures  is  0.021  cents. 

3.  Inttrfsi  and  Deprt'ctaiion  at  10%  per  annum. — For  a  4X10-inch  breaker 

if  would  be  $"27.50  per  year.     On  a  basis  of  308  operating  days*  84  tons  being 

$27  50 
led  per  day  the  cost  per  ton  would  be ^^^;...  ,-0.1 06  cents.     Other  aiseai 


'308X84" 


tie  ^Icttlated  in  the  same  way. 


•  Taken  from  ostfttogiw  of  OoXet  Iron  works. 
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4.  Power  is  estimated  to  cost  $40  per  horse  power  per  year  of  308  days,*  or 

$0.1298  per  day.     For  a  4  X  10-inch  breaker,  using  5  horse  power  and  crushing 

$0  1298X5 
84  tons  per  day,  the  cost  per  ton  would  be  g . =0.773  cents.     Other 

sizes  are  figured  in  like  manner. 

5.  Labor, — It  is  assumed  that  the  breaker  is  fed  by  a  sloping  chute  and  can 

therefore  be  fed  by  one  man  at  a  cost  of  $2  per  12-hour  shift,  or  $4  per  24 

$4 
hours.    The  cost  per  ton  for  a  4X  10-inch  breaker  would  be  gj  =4.762  cents. 

6.  Wear  is  estimated  at  0.815  cents  per  ton,  which  is  the  average  of  the  gross 
cost  per  ton  from  18  mills  in  Tables  10  and  14  (Blake  and  Dodge  breakers). 

7.  Repairs  other  than  Wearing  Parts. — The  maximum  figure  given  is  that  of 
$156  per  year  for  Mill  24  (Table  9).    This  breaker  treats  109  tons  per  day  or 

33,572  tons  per  year  of  308  days,  making  the  cost  per  toUgg  k»^^^  0.462  cents. 

TABLB  29. — ^ESTIMATED  COST  OF  GBUSHINO  BY  JAW  BEEAKER. 


8jae  of  mouth  in  inchM 4x10  7x10  tel6  _             

Toiigeni8hedin84hotin 84  190  IW         800         610 

Horaopower ••• 6  8  19           90  ■         80 

Cost  of  breaker ffiftb  t600  $780  $1,060     »MBO 

Ootttnoentiper  too  foroU O.oei  0.081  0.081  o.opn  O.an 

^             •*             **  interest  and  depredatioii 0.106  0.186  0.187  0.114  0.186 

••              -              ••  power 0.778  0.866  0.811  0.866  0.711 

«              ••              «i  l^XiOT 4.708  8.8S8  9.088  1.888  0.741 

**             **             *'  wear 0.816  0.816  0.816  0.816  0.816 

M             M             ••  lepain 0.408  0.468  0.408  0.488  0.468 

Total  eoit  In  oenti  per  ton 8.980      6.881      4.810      8.610      8.8K 

The  basis  for  the  estimates  given  on  spindle  breakers  is  as  follows: 

1.  Sizes,  capacities  and  costs  are  taken  from  catalogue  figures  of  Gates  breaker, 
given  in  Table  19. 

2.  Power  is  estimated  by  Gates  rule  that  it  takes  1  horse  power  to  crush  1 
ton  per  hour  to  2^  inches  m  size. 

3.  Oil  is  estimated  at  0.021  cents  per  ton,  as  with  jaw  breakers. 

4.  Interest,  power  and  labor  are  calculated  as  in  the  other  case. 

5.  Wear  is  estimated  at  0.971  cents  per  ton,  which  is  the  average  of  the  gross 
cost  per  ton  from  5  mills  in  Table  26.  Since  so  few  quotations  are  available 
the  figures  on  both  Gates  and  Comet  breakers  have  been  taken,  although  the 
latter  average  a  little  higher. 

6.  Repairs  other  than  Wearing  Parts. — The  maximum  figure  given  in  Table 
25  is  $200  per  year,  including  oil,  for  Mill  26.  Deducting  $25  for  oil,  we  have 
$175  for  repairs  on  a  breaker  which  treated  28,363  tons  of  ore  from  January  5 

to  July  6,  1896,  as  shown  in  Table  27.    The  cost  per  ton  i%  oQ^iJfx.n=0'308 

2o,3ooX8 

cents. 

TABLE  30. — ^ESTIKATED  COST  OF  ORUBHINO  BY  8PINDLB  BREAKERS. 

Number  of  be— ker 0  8  4  8  8 

gtoeofmouUitaliidlei 4x80       8x48       8l54      11x78     18x186 

Tons  crushed  In  84  hours 78         818         640       1.060      luOOO 

Honenower !.!!.!!!!!!!!!  8  5  »  «         S 

OostofbrMker $878        fWO     $1,800     $8,800^^,000 

Coot  to  cents  y  too  for  00............. ..,, 0.081  0.081  0.081  0.081  0.081 

n             !!            *;  interest  and  depredstloB 0.180  0.114  0.108  0.009  0.078 

M              M             !.  P^F ^'^^  <>••«  OWl  0.841  O.Ml 

M              n             H  "**» »•«•  l.«8  0.7W  0.810  O.W 

"  •*  ••  rqMirs O.808      O.808      O.808      O.808      0.8QB 

Total  cost  to  emtipsr  too. Tb88      8.807    T«i    Tno    Tflji 

•Sent^'*]leQh.BBg.FtoolMtbook,«*|k780. 
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Mrs  are  not  int<mded  to  cover  all  cases  of  crushing — in  fact,  such 

u'sible — but  rather  to  show  the  way  tho  calriilatioTi  of  thr  various 

Ahauid  be  made  under  various  conditions.     For  example,  thcee  figurea 

mA  upon  one  man  tu  attend  the  breaker,  while  it  is  noi  uncommon  to  re- 

onire  two  or  even  three  men*     Thus^  at   ^lill  i34  a  V)x  15-inch   Blake  requires 

faur  feeden*  in  24  hours  to  crush  109  tons  of  ore.     The  men  are  paid  $1,30  each, 

ar  «  iwUiX  of  $5.20,  which  is  equivalent  to  4w7  cents  per  ton.     Substituting  this 

figure  for  the  2.083  cents  given  in  Table  29  we  get  7.006  cents  as  the  estimated 

loUl  owl  of  crushing  in  that  mill. 

TbeK  *  r*   aUo  based  upon  24  hours  per  day,  whereas  the  usual  custom 

to  nm  or  less  per  day.     This  change,  however,  would  not  greatly  affect 

coni[  It  should  be  borne  in  mind  that  these  figures  cover  merely 

act  •  1^  and  crushing,  without  regard  to  the  cost  of  elevating  and 

leittmng,  which  must  be  added  in  figuring  for  a  complete  crushing  plant. 

It  is  iioticcablo  that  the  larger  the  breaker,  the  lower  is  the  cost  per  ton  given 
in  the  tables,  principally  owing  to  the  lower  cost  for  labor.  The  following  quota- 
tioiis  fthow  actual  costs  of  crushing  in  different  localities : 

At  the  plant  of  the  Minnesota  Iron  Co."'  110,447  tons  of  hard  hematite  were 
ermhed  during  three  months,  ending  Januarj^  1,  1895.     Of  this  perhapa  60% 
I   ^rtOlHl  needed  crushing*    The  cost  was  as  follows: 


ToUi. 


4.54  cents  per  tcm. 
3.96  centfl  per  ton« 

7,90  oentfl  per  too. 


Tile  plant  eonsifited  of  three  Blake  breakers  each  with  a  mouth  28X30  inches 
aod  driren  by  a  14 x 26-inch  Reynolds  Corliss  engine  of  125  horse  power. 

Gates  Iron  Works  give  a  rough  figure  for  getting  a  ton  of  road  metal  through 
2|  inch  ring  sized  further  on  2,  1^  and  1  inch  screens: 

Coet  of  quarrying .20  cents  to  50  cents. 

Coil  of  cnis^hing,  including  hauling  up,  dumping,  crush- 
ing, elevating  and  sizing 10  cents  to  40  cents. 

Totals   30  cents  to  90  cents. 

At  the  Atlantic  mill,"  J.  Birkinbine  states  that  the  cost  of  transporting  to 
rock  boose,  picking  poor  rock  and  crushing  the  copper  rock  is  less  than  7  cents 
too. 
A  qiH^tation  on  cost  of  crushing  by  the  Monarch  breaker  has  been  given  at  2| 
nta  per  ton,     (See  §18.) 

E.  D.  Peters,  Jr.,^*  deducing  an  average  from  handling  large  amounts  under 
'itfjing  conditions,  gives  the  following  estimate  of  cost  for  a  plant  of  200  tons 
ity  in  10  hours: 

«     .       -        .  Pw»hift.     Per  too. 

rover,    Ferdftvof  ten  hours,  at  leeot  per  Ion... 19.00      |0.0I0O 

Labor,    Four  laborenst  i3l.<10, „ Ifl.OO        O.O0OO 

lipaln.    Toggles*  j«^  Ptatea,  «(e. fO.fiB 

Wearof  coola,  babbitts  etc ..« 75 

DtJly  idlffbt  repair*  OD  iiiachiii«r7 .80 

lOnellaiiQoai  Jtama,  tampUDg,  ^ .7S 

846       0.OU7 
1.40        0.0Q70 

TW«I. ilS.Sfi      fO.OBS? 

I80M  or  Jaw  and  Spindle  Bbeaxerb  will  be  made  along  the  follow- 

)h^f  V»ed. — TIjr  Blake  breaker  of  the  pitman   pattern   with, 
irnc,  js  the  old  standard  breaker  of  the  country,  wViile  1\\^  G^\.e 


1\9lat  rapalrv. 

i  ftiodao  per  cent,  per  year  cm  oHgiiuU  coet) . 


idlloist 


ton  •  ■      -•  ."    ••!•  v\-     .:       .•    ••■   •.:      -i^f: 

4.  /•  .  .  .'- 

cost   p«I*  •   '-^     7»••I^«T.  '-I:':-':  • -    • 

the  fipi''  ^  ^         -^1^         •  5.aite!f  f»»nmTv  r-/.::^'!  :•'   ••   ir-i  i- 

latter  avfi:!  -i  ..  .!•*.     " "  "^^^s  is**  awur  the  -aii:«-   •.•■rr«r    •  -v.  r  i?  -I: 

6.  liepoin-  '/^  ^— •'-    ""^*^.^  .•;   S--    *iHMT  ^as  $'4JT  per   lav. 

25  is  $'^00  JUT  v.«  ..i'.iifr   uj«i*«  jBNM»'p««id  s^m  to  he  Tnuili    ;!.-:. r   -f  ic-j^s, 

$175  for  rcpaii>  on  .—*••  ^^  jjcwiiafcy  -TfcW*  fewer  repair?  -^n  -::».*  '  'uldinir  la 

to  July  5,  189G,  o.  "^      ■ "        *       "  ^^^  v^i»«««  /f".*  i»Y  '^"^"K^'"-.    "  .-*  ¥  ?^ 

eents.  '     'Itim  that  the  spindle  breaker  oac  orufh  fine 

TABLE  30.— ESTir  *  U  IorimL    The  creeping  of  rhe  ertubt 

Number  of  breaker... -I-?!!?  hr  COIlStandT  oppOfiM  ■» 

pjze of  mouth  in  inches .    .    -..1,  r»,,s  ij|^  DnHV  S 

Tons  crushed  in  24  hours '^ •"             ■"■'■  * 

Horsepower * 

Costofbreaker HctlOtt  of  Ifa 

cost  in  c«it.  ijer  ton  '?5;j^-^£-ind  d.^-;...  \n  Off  f  "^ 

«i             u             *»  power  ••-*  ' atm  flw  # 

labor...--:: iv^tnei 

"wear-.--; T  Wl^  haVfr 

'^^"'"       uAmitK 
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of  jaw  for  the  same  gape  (33,  48,  33,  33  and  %^%).     The 

:>wer  and  capacity  given  for  the  two  emaller  machines  are  unjugt  to  the  Blake, 

»r  that  machine  is  crushing  to  2  inches  diametur,  while  the  Gates  is  crushing 

2 J  inches.     The  power  and  capacity  given  for  the  three  large  sizes  are  unfair 

I  both  machines;  to  the  Blake  because  a  IS-inch  gape  is  compared  with  a  14-inch 

^and  a  SO-inch  gape  with  an  18-inch ;  and  on  the  other  handj  to  the  Gates,  because 

the  Blake  is  cnisning  to  3^  inches  diameter  and  5  inches  diameter,  while  the 

lates  is  cruahing  to  3^^  inches  diameter. 

A  good  rule  to  remember  is  that  a  machine  of  either  class  uses  on  the  average 

ont  1  horse  power  for  every  ton  of  rock  crushed  per  hour  to  2  J  inches  in  size. 

The  Gates  Iron  Works  have  made  tests  of  the  Gatcii  breaker  and  a  Blake  type 

of  breaker  manufactured  by  them.     The  rock  used  was  a  hard,  close-grained 

lite  with  a  compressive  strength  of  about  30,000  pounds  per  square  inch. 

was  in  lumps  as  large  as  the  machines  would  take.     The  results  are  given 

Table  32. 

TABLE  32. — COMPARATITE  TESTS   OF  SPINDLE   AND  JAW  BBEAEEHS. 

At»breTiatk»Q8,~H.R=borae  power:  In.=tnch6a;  Lbs,=poui]dfl;  HIb.^ minutes. 


KhMlor 


In, 
4x83 

4x10 
Tx48 
7x10 


Width  of 


Bevolu- 

(joot 

of 

PuUey 
per 

MlciuteCa) 


600 
fiSO 


250 


Kind  of 
Slioe. 


Oormgated 


Kind  of 
Dto. 


Smooth. 

Smooth. 
Corrugated 


Mmte- 
Uted. 


1,000 
1.000 

a.ooo 
ti.oco 


Mln, 


C&pac- 


Lbfl. 

18,000 
11,900 
45,000 
1B,1€0 


Power 

Used. 


RelaUf* 
Work 

UnedUi 
Crusti- 


k(o)  To  get  the  revoluUoos  of  the  spindie  in  the  Oates  machine  divide  bj  8^. 
The  *^et  Powor^'  was  obtained  by  subtracting  the  power  used  in  running 
npty  from  the  total  power  used  in  erudiing.     The  **Relativc  Work  Used  in 
niRhing''  expresses  the  ratio  of  the  product  of  the  time  by  the  net  power  used. 
Sizing  tests  of  the  products  are  given  in  Table  33. 

TABLE  33. — SIZING  TESTS  OF  PB0DUCT8  OP  SPIKDLB  AlCD  JAW  BREAKEHS. 


Gat«!i(4i{»>, 

Blake  (4x10). 

Ofttei(7z48).  1 

Blake  (731 10). 

DB«^-tncb..  .   

TbrousfaSHooS-Uich     .. 
^^  P"   l%- 

m       3  .»    :  '  « 

8.0* 

S3 

94,S 

8S.0 

6.4 

t.% 
4.7 

7.W 
10.0 

sa.o 

38.2 
6.4 
9.9 

8.7           , 
4.6 
7.8 

5.03C        , 
17.5 
27.0 
20.8 

6,7 

7,8 

9.0 

8.7 

4.0          1 

6.W 
88.0 
St.! 

'1:1 

7,9 
8.9 
4.1 
6,6 

lOO-Ojl 

lOO.Ojt 

!CIO,0^ 

lOO.O* 

The  sizing  tei^^ts  show  that  the  extra  work  put  into  the  Blake  has  made  itself 

id<?nt  in  the  increased  amount  of  fine  material.     The  author  has  given  these 

he  best  reliable  data  of  what  the  marhine^  will  do,  rather  than  to  laud  the 

any  particular  hre.ikei%  and  in  studying  them  for  eoniparii^on.  thi-  reader 

Huld  l>ear  in  mind  that  while  they  appear  to  favor  the  Gates  breaker,  the  Blake  j 

Iras  handicapped  by  its  smalJ  size,  low  atpiicil}%  and  the  smaller  w\it\\  ol  l\iH)^\«1 
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The  author  believes  that  for  comparative  tests  the  capacities  should  be  more 
nearly  equal  and  the  tests  should  be  continued  over  a  greater  length  of  time. 
In  a  test  given  by  Bilharz/  the  results  appear  to  be  favorable  to  the  Blake  breaker 
over  the  Gates. 

§  64.  (e)  Size  and  Shape  of  Mouth. — The  gyrating  spindle  breaker  in  its 
annular  crushing  mouth  has  a  much  wider  opening  around  the  circle  and,  there- 
fore, a  much  greater  surface  acting  per  revolution,  than  that  of  the  jaw  breaker 
with  the  same  gape  of  opening,  that  is  to  say,  receiving  the  same  size  of  stone. 
The  advantageous  effect  of  this,  however,  is  reduced  by  the  fact  that  the  number 
of  gyrations  per  minute  of  the  spindle  breakers  is  less  than  the  revolutions  of 
the  jaw  breakers.  On  small  machines  the  jaw  breakers  have  a  small  area  of 
mouth,  while  the  spindle  breakers,  with  the  same  gape,  have  a  much  larger  area, 
owing  to  their  annular  form  and  are  much  heavier  and  cost  more.  This  makes 
jaw  breakers  commendable  for  small  mills. 

§  65.  (/)  Distribution  of  the  Crushing  in  the  Mill. — Where  centralization  of 
the  rock  breaking  at  one  spot  is  desirable,  the  large  spindle  breakers  appear  to 
have  the  advantage,  but  where  the  process  is  better  carried  out  by  having  the 
rock  breaking  located  at  several  points,  this  advantage  disappears. 

At  Mine  44,  there  are  eleven  shafts  each  with  a  24X 36-inch  Blake,  breaking 
to  13  inches  and  an  18  x  24-inch  Blake,  breaking  to  3  inches.  These  are  accom- 
panied by  grizzlies  and  hand  picking  of  nugget  copper.  One  large  spindle 
breaker  would  be  out  of  the  question  here,  because  the  graded  crushing  is  needed 
to  help  the  hand  picking  of  the  nuggets  and  two  large  spindle  breakers  instead 
of  the  two  Blakes  would  probably  not  be  so  economical. 

§  %%,  {g)  Running  Cost. — The  Tables  29  and  30,  showing  the  estimated  cost 
of  crushing,  bear  out  the  commonly  accepted  idea  that  for  small  breakers  the 
jaw  pattern  has  the  advantage,  while  for  large  breakers  the  spindle  pattern  has 
the  advantage.  This  is,  of  course,  mainly  due  to  the  large  hoppers  which  can 
be  used  with  the  large  spindle  breakers  and  which  economize  labor. 

It  is  interesting  to  note  that  the  figure  representing  the  average  cost  per  ton 
for  wearing  parts  of  jaw  breakers  is  considerably  below  that  for  spindle  breakers. 
Whether  this  is  a  rule  or  merely  a  result  of  chance,  the  author  is  unable  to 
decide  without  further  tests  and  figures. 

The  advantage  of  the  large  spindle  machines  is  illustrated  by  the  experience 
at  the  Caledonia  Mill,*^  where  a  No.  6  Gates  breaker,  tended  by  one  man,  crushes 
210  tons  of  ore  in  10  hours.  Three  No.  5  Blakes  formerly  required  20  hours  and 
5  men  to  do  the  same  work.  The  Gates  uses  about  the  same  horse  power  as  the 
3  Blakes.     The  saving  made  by  the  change  was  $27  per  flay. 

In  regard  to  repairs,  the  jaw  breaker  would  seem  to  be  much  easier  of  access. 
The  spindle  breaker  would  probably  cause  fewer  repairs  on  the  building  and 
foundation,  as  it  runs  with  less  vibration  than  a  jaw  breaker..  It  is  for  this 
reason  that  it  can  be  placed  higher  up  in  the  mill  and  on  a  lighter  foundation. 

§  67.  (A)  Fine  Crushing. — The  claim  that  the  spindle  breaker  can  crush  finer 
than  the  jaw  breaker  for  the  same  gape  is  logical.  The  creeping  of  the  crusher 
head  upon  the  dies  or  concaves  will  prevent  packing  by  constantly  opposing  new 
surfaces  to  each  other,  while  the  limit  to  fine  crushing  with  the  jaw  breaker  is 
its  packing. 

§  68.  (t)  Friction.— In  comparing  the  two  breakers  as  to  the  friction  of  the 
mechanism,  we  have  in  the  spindle  breaker  great  journal  friction  on  the  driving 
pinion  bearing,  and  upon  the  two  gear  hub  journals.  We  also  have  the  friction 
of  the  pair  of  bevel  gears.  On  the  other  hand  in  the  jaw  breaker  we  have  great 
journal  friction  divided  between  the  two  boxes  of  the  driving  shaft,  great  journal 
friction  on  the  eccentric  and  the  friction  of  the  toggles.  No  data  exist  for  giving 
values  to  these  quantities.    Tabulated  for  comparison  they  are: 


f  ed 


PBBUMl^ARY  VRU8HINQ, 


65 


Blak€. 

:  support  journal  friction.  |  S?,^J^,^^g3, 

J  The  pitman 
( eccentric* 


Gatm, 
V      The  pinion  pillow  blocki, 
)     (  The  spindle  eccentric  in- 


itric  ioornal  friction.  ^  eccentric*  f    \  ner  hub  journal  friction. 

i«.  ^pport  ioumal  Action,     Swing  Jaw  pivot    j  g^;,^i;,i^^^: 

Gear  teeth  friction. 


fitting  friction. 


Toggle  Bockefca. 


§  69*  tj\  Continuous  Compared  with  Iniermittent  Action. — Spindle  breakers 
•i'^l  that  is,  they  are  working  all  the  time.  Jaw  breakers  are  inter- 
a  {n  Fay^  they  are  working  a  little  less  than  half  the  time.  To  nmke 
lete,  however,  we  muet  intrndwcc  the  amount  of  surface 
ing.  The  complete  statement  will  therefore  be:  The  Jaw 
ker  is  cnushmg  with  its  whole  surface  for  nearly  half  the  time.  The  spindle 
e4Ucei'  16  crushing  with  nearly  half  its  surface  all  the  time.  The  word  **nearly'' 
means  identically  the  same  thing  in  both  cases,  and  cuts  off  a  little  time  in  the 
farmer  case  and  a  little  surface  in  the  latter  while  the  grains  are  coming  to  a 

iiontimious  action  of  the  spindle  breaker  is  undoubtedly   a   niechaniLul 
tft^  to  the  credit  of  the  machine,  in  that  uniform  transmission  of  energy 
'  Bir  :il  than  intennittent* 


Th 


it  machine  brings  in  the  element  of  stored  energy  which  is 


obtAined  by  the  heavj^  fly-wheeU  and  high  speed.  The  higher  the  t^peed*  t!.;? 
Bier  the  stored  euQigy,  and  the  less  the  variation  in  speed  and  consequently 
less  the  throb  which  is  sent  back  through  the  belts  to  the  engine.  If  a 
ike  breaker  is  slowed  down  while  it  is  crushing,  its  lowest  limit  of  speed  will 
f  paaeed  and  the  machine  will  stop,  because  the  accumulated  energy  does  not 
•da  enofigh  lo  the  transmitted  energy  to  crush  the  rock.  Keasoning  the  other 
waj>  the  faster  the  machine  revolves,  the  greater  is  the  ratio  of  the  accumuhited 
to  the  transmitted  energy.  This  ratio  approaches,  but  never  reaches,  ecmnltty. 
This  irould  indicate  that  the  faster  a  Blake  breaker  runs,  the  better  and  more* 
fironomical  it  will  be  up  to  the  mechanical  limit  that  is  possible.  This  is  shown 
follows:  If  a  breaker  crushes  240  tons  in  24  hours,  this  at  00  revolutions  per 
Lnnle  would  be  5.5  pounds  per  revolution,  while  at  300  revolutions  it  would  Le 
IA  ponndj  per  revolution.  That  is,  the  variation  in  the  power  consumed  from 
inFtant  to  instant  and  in  the  speed  is  less  in  the  latter  than  the  former  case. 

LOG  WASHEHS,  WASH  TROMMELS  AND  HYDRAULIC  GIANTS. 

1  g  70.  liOf  washers  and  wash  trommels  are  disintegrators  of  clayey  ores,  aii  1 
»fore  deserve  mention  in  this  chapter.     Since,  however,  their  chief  duty  1 
Ition-  of  fine  material  from  coarse,  they  are  described  in  Chapter  VII 1. 
Ilstial  purpose  of  hydraulic  giants  is  to  disintegrate  ore  in  place^  but  the 
haa  treated  them  in  Chapter  VIII,  §  26G. 
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E.  C.  Hu.itley.     Power  for   floa gland   breaker. 

R.  W.  Raymond.     Wrought   iron   for  jaw  jjlates. 

A^  L.  Inman.     Capacity  of  multiple  jaw  breaker  plant. 

W,   P.    Blake.     Discussion   of   jaw   pivoted   above   and   jaw  piyoted 


SL 
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55. 


ibid.,  p.  531. 
ibid.,  p.  540. 
ibid.,  p.  545. 
ibid.,   p,  546, 

below. 
ibid.,  p.  550, 
ihtd.,  p.  583. 

New  York. 


J.  BirkiDbine.     Cost  of  crushing  at  Atlantic  nii!l. 

Axel  Sahiin.     Power  and  list  of  machines  used  in  Gouverneur  diatriotj 

Principles  of  the  Blake,  Dodge, 


ibid.,  VoL  XXIL,    (18J>3),  p.  321.     Jas.  Douglas. 

Forster*  Comet  and  Gates  breakers. 
ibid.,   VoL   XXUL,    {1«»3),  p.    17  L     R,  A.  Hadfleld.     Figures  showing  longer   life 

of  msngsnese  steel  over  cast  iron  for  j%w  and  cheek  plates. 
ibid.,  VoL  XXrV\.    (1894).  p.  490.     P.  G,   Lidner.     Description  of  the  roasting  of 

m.  biraide  ore  to  make  the  quartz  friable  and  to  oxidize  the  p^nrite  for  subsequent 

netnoral  by  waahing. 
ib4d^  D.  756,    C.  E.  Dewey.    Argument  that  a  Blake  breaker  can  make  as  uniform 

proauct  as  a  Dodge. 
ibid.,  VoL  XXV.,  <  1895 ) ,  p.  903.    J,  V-  Lewia.    Heating  and  quenching  for  friabil- 

Uy  at  Cofundijra  Hill.  N.  C. 
ibid^  Vol  XXVIL.    Il8i>7),  p.  350.     F.  W.  Denton.     Crushing  plant  at  Minnesota 

Iron  mine. 
jlaw.  drs  Mineif,  Scriea  VL,  VoL  XIX.,   (1871),  p.  295.     A.  Henry.     Description  of 

luuid   breaking  and  a    short  note  on  jaw  breakers   in   Belgium, 
ibid..  8irii-B  Mil.,  Vol,  XX..    (1891),  p.  7.     M.  Bcllom.     Comparison  of  hand  and 

mar^jinr  ir*  ikiTur  preparatory  to  hand  picking.     Description,  power  and  capacity 

^f  i  paker. 

Brr<j  ,   VoL  XXV,,    (1866),   p.   40.     No  author.    Description   of  the 

!",  ;i     Mil    t)w  Oardiner  breakers,  which   are  of  the  Dodge  type;    also  of  the 

.1    li  i-  lai.ikcr,  which  consists  of  a  revolving  roll  with  projections  upon  it  which 

break  the  ore  In  a  confined  space, 
ibid,,  VoL  XXIX,,  (1870),  p.  98.     No  author.    Description  of  the  Marsden  breaker. 


ibtd.^  Vol. 

V I  r  f       r. 


XXXIm   (1872),  p.  401.    No  author.    Description  of  the  Archer  breaker, 
.    the  movabJe  jaw  approaches  and  recedes   trom   a  revolving  corrugated 

XXXn.,    (1873),  p.  342,    Abstract  from  the  Eng.  d  If  in.  Jour.,  Vol, 

106. 

XXXVI.,    (1877),  p*  213.    No  author.    Beacriptton  of  Haira    (Blake 

&ker. 
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66.  Ihid,,  Vol.  XLIII.,  (1884),  p.  57.    No  author.    Description  of  Baacter't  (Blake  iypt) 

breaker.  *• 

67.  Ibid.,  p.  549.    No  author.    Description  of  the  Baxter  breaker,  which  has  the  moTa- 

ble  jaw  moving  up  and  down  in  front  of  a  roll. 

68.  Ibid.,  Vol.  XLV.,   (1886),  p.  158.     No  author.     Description  of  Blake-Marsden  coarse 

breaker,  lever  pattern,  working  on  the  Blake  principle,  and  the  fine  breaker  work- 
ing on  the  Dodge  principle. 
60.  Ibid.,  p.  225.     No  author.    Principle  of  the  Archer  breaker. 

70.  Ibid.,  Vol.  XLVIIL,   (1889),  p.  53.    No  author.    Description  and  capacity  on  coal 

of   the   Ijowry   breaker. 

71.  Ibid.,  p.  121.     No  author.    A  compound  jaw  breaker  with  sieve  attachment. 

72.  Ihid.,  Vol.  XLIX.,    (1890),  p.  264.     No  author.     Descrijption  of  Brinje's  breaker. 

73.  Ibid.,  Vol.  LIV.,    (1895),  p.  272.    No  author.    Description,  power  and  capacity  of 

Gates  breaker. 

74.  Bull.  8oc.  Ind.  Min.,  Series  III.,  Vol.  VII.,   (1893),  p.  467.    G.  Gromier.     Descrip- 

tion of  the  roasting  .of  spathic  iron  ore   for  magnetism  and  for   friability  at 
AUevard,  France. 

75.  Cal.  Bull.,  No.  6,   (1895),  p.  14.     E.  B.  Preston.     Comparison  of  Blake  and  G^tes 

breakers  in  principles,  power,  and  capacity.     Essentials  of  a  good  breaker. 

76.  Clay  Worker,  Vol.  XXVII.,   (1897),  p.  351.     No  author.     Description  of  Champion 

breaker,  which  has  the  movable  jaw  pivoted  above,  motion  being  imparted  to  it 
through  a  cam,  lever  and  toggle. 

77.  Coll.  Eng.,   Vol.   XVII.,    (1896),   p.    154.     H.   Van   F.    Furman.    Description,  with 

catalogue  figures,  of  Blake,  Dodge  and  Comet  breakers.    Description  of  Schrani 
breaker. 

78.  Ibid.,  p.  308.    No  author.     Notice  of  the  Royal  breaker,  which  is  of  the  spindle 

type. 

79.  Coll.  Guard.,  Vol.  LXIII.,   (1892),  p.  249.    Short  abstract  of  Inst.  Civ.  Eng.,  Vol. 

CVIII.,  p.    100. 

80.  Deut.  Topf.  u.  Zeigl.  Zeit.,  (1891),  No.  41. 

81.  Dingler'8  Polyt.  Jour.,  Vol.  198,   (1870),  p.  196.    No  author.    Description  of  Cam- 

roux  breaker,  which  has  two  very  flat  conical  discs  which  revolve  against  each 
other  on  axes  slightly  inclined  to  one  another. 

82.  Ibid.,  Vol.  202,    (1871),  p.  89.     No  author.    Description  of  the  improved  Marsden 

breaker. 

83.  Ibid.,  p.  189.    No  author.     Description,  capacity  and  power  of  (Dodman  breaker,  in 

whicn  the  jaw  has  combined  forward  and  back,  and  up  and  down  motion. 

84.  Ibid.,  Vol.  235,  (1880),  p.  260.    No  author.    Description  of  Brown's  spindle  breaker 

which  is  much  like  Gates. 
86.  Ibid.,  pp.  424,  465.     No  author.     Descriotion  of  Wolf's  breaker,  in  which  the  movable 
law  moves  up  and  down  and  fon^Kard  and  back  while  the  fixed  jaw  has  a  spring 
behind  it. 

86.  Ibid.,  Vol.  242,   (1881),  p.  147.    No  author.     Description  of  the  Baxter  breaker. 

87.  Ibid.,  Vol.  250,    (1883),    p.  152.     No  author.     Description  of  Blake  breaker. 

88.  Ibid.,  Vol.  254,    (1884),  p.   58.    No  author.    Description  of  Baxter  breaker. 

89.  Ibid.,  Vol.  265,   (1887),  p.  591.     No  author.    Description  of  Schranz  breaker. 

90.  Engineering,  Vol.  XVI.,  (1873),  p.  430.    No  author.    Description,  power  and  capacity 

of  Marsden    (Blake  type)   breaker. 

91.  Ibid.,  Vol.  XXVI.,  (1878),  p.  77.     No  author.    Description  of  Hall's  portable  stone 

breaker,  with  engine  connected.    This  is  a  Blake  machine  with  a  split  jaw,  one 
half  advancing  while  the  other  half  is  receding. 
02.  Ibid.,  p.  163.    No  author.     Description  of  Motte's  stone  breaker,  which  is  a  spindle 
breaker  with  greatest  movement  on  largest  lumps. 

93.  Ibid.,  Vol.  XXX.,  (1880),  p.  255.    T.  Egleston.     Capacity  of  and  labor  for  a  Blake 

breaker. 

94.  Ibid.,  Vol.   XLIX.,    (1887),  p.   635.     No  author.    Description  of  a  Lowry  spindle 

breaker,  made  in  England.    Capacity  for  coal. 

95.  Ibid.,  Vol.  LI.,    (1891),  p.   723.    No  author.    Description,  power  and  capacity  of 

Gates  breaker. 

96.  Ibid.,  Vol.  LXIII.,   (1897),  p.  371.    No  author.    Description  of  Dragon  breaker,  in 

which  the  movable  jaw  is  pivoted  above  and  moved  directly  by  a  cam. 

97.  Eng.  d  Min.  Jour.,  Vol.  IX.,  (1870),  p.  241.     No  author.    Description  and  capacity 

of  Blake  breaker  with  picking  table  attached. 

98.  Ibid.,  Vol.  XI.,    (1871),  p.  353.    No  author.    Description,  capacity  and  labor  for 

feeding  a  Blake  breaker  with  revolving  screen  attached. 

99.  Ibid.,  Vol.  XIII.,  (1872),  p.  106.    G.  W.  Baker.    FigoreB  giving  capacity  and  cost 

oS  crushing  fcj  a  Blake  breaker. 
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Vol.  XXII.,  (187G),  p,  SU.  No  author.  Deficription,  power  and  (^pacitj 
of  Blake  breaker. 
/M>,  VoL  XXiV\,  tl877K  p.  419,  No  author.  Description,  power  and  capacity 
of  U«»  Aid  en  breaker.  Both  jawf*  are  pivotpd  above  and  connected  below  by  a  con- 
Mctuig  rod,  which  i»  giveo  a  horizontal  reciprocating  motion  by  an  eccentric.  This 
molioD  crushes  the  ore  by  cnuaJiutd  tJ^^'saaie  ana  ^rindin^:. 
WL  fM.*  VoL  XXVI.,  (1873),  p/j8U     No  author.     Description  and  capacity  of  Brown's 

breaker,  a  tpiodle  breaker  from  which  the  Gates  was  develoj^ed. 
I03w  th%d,,  VoL  XXVIU.,    nSTS),  p.  53.     No  author.     Description  of  Phelps  breaker,  a 

tevuker  of  tbe  Dodg^e  t>'pc  with  only  one  toggle. 
t&i.  [hui^^  p.   303.     No  author.     Description   of   Blake's  Challenge   breaker  with  toggles 

above  t?ecentric 
IftS.  Shid.,  VoL   XXIX.,   {18801,  p.  84,     No  author.     Description,  capacity  and  power  of 
llie    Buchanan    Universal   breaker,     Jaw   pivoted   above.     ^Motion    imparted   to  one 
jaw  by  eccentric  and  lever.     This  jaw  is  connected   to  otht-r  at  bottom  by  a  con- 
li#ctiiig   rod.     Motion   of   both   jaws   produces   combined   pressure   and   grinding. 
ihid.,  Xo\.    XXXV..    (1SS3),  p.   3G0.     No   author.     Result  of  comparative   tests  on 
eap«citte^  of  Gzites  and  Blake  breakers. 
ItT.  /^til,  Vol-  XXX VL,    (1883),  p.   147.     No  author.     Description  of  Comet  breaker. 
U/L  /^d.,  VoL  XXXVn,,   08S4K  p.  43,     No  author.     Description  of  Buchanan  breaker, 

which   l«  lif   Dodge  type  and   has   toggles  above  eccentric. 
1001  Uirf..  VoL   XXXVIII,*   (188-4),  p.   188,     T.  A.  Blake.     Same  as  J..  /,  M,  E,,  XLU., 

p    210, 
UOlf^td.   VoL   XXXIX.,    (1885  K  p.   171.     No  author.     Description  of  a  multiple  jaw 

breaker   of   the    Dodge   trpc. 
Ill*  ihid*^  p.  295.     K.  D,  Peters"  Jr.     Comparison  of  hand  rcT*M«  machine  breaking  with 
regard   to  amounta  of  fines  produced.     Itemized  estimate  of  cost  of  crushing  by 
breAk«fl:^. 
ihid.^  p.  297.     No  author.     Description  of  Griffiths*  New  rock  breaker.     Dies  are  in 
ibr  sltape  of  a  trough,  while  the  shoe  has  a  cylindrical  corrugated  surface  on  the 
Ivittom  and  grinds  the  ore  by  a  backward  and  fonvard  rotation. 
Utid^  VoL  XL..  ( 1SS5).  pp.  257,  303,  350  and  382.    8.  R,  Krom  and  T.  A.  BUke.    Im* 
prOTements  in  breakers  claimed  to  have  been  made  by  Rrom,  and  discussion  con- 
cerning the  same. 
Hi.  fHd^    VoL    XLL,    (1880),   p.    213.     No    author.     Description    and   capacity    of   the 
Brennan  rock  breaker,  a  machine  of  the  Blake  type  with  togfrles  above  the  eccentric. 
thid.,  VoL   XLUL,    (1887),  p,  96.     No  author.     Description  of  the   Lancaster   rock 
bireaker,  a  machine  acting  somewhat  like  the  Blake,  but  having  a  grinding  as  welt 
at  a  cnishing  action. 
JIC  mrf.,  VoL  XhW,,   0888 )»  p.  370.    T.  A.  Blake.     Details  of  Blake  breakers  in  the 
emahing  plant  of  the  Chateaugay  Ore  and  Iron  Co. 
ihid^  VoL  LL,  (1891),  p.  87.     No  author.     Description  and  capacity  of  the  Buchanan 
granulator,  a  fine  breaker  which  has  its  movable  jaw  pivoted  below  and  its  togglea 
abore  the  eccentric.     Its  movable  jaw  is  split  in  halves  so  that  one  half  is  advanc- 
ing while  the  other  ]»  receding. 
ihid,.  VoL   LIL,    (1891),   p,    638.     No   author.     Deecription   of  the   Lowry   spindle 

breaker. 
I^uf.,  VoL  LV..   (1893),  p.  323,     No  author.     Description,  capacity  and  purpose  of 

tfcc  Buchanan  granulator. 
ihid.,  p.  681-    No  author.     Description  and  capacity  of  the  American  rock  breaker. 
IHie  upper  end  of  the  movable  jaw  is  driren  direct  by  an  eccentric,  the  lower  is 
d  on  a  toggle.     This  gives  both  a  crushing  and  a  grinding  action. 
/  L\a.,    (18»3),  p.   100.     R,  A,   Hadfield.     Same  as  A.  L  M.  £?.,  XXIIL, 

111. 

?.  315.     No  author.     Description  and  capacity  of  the  McCully  breaker. 
oL  L\1L,  (1894),  p.  273,     No  author.     Description  of  Blake  type  of  breaker 
Btade  by  Farrel   Foundry  and  Machine  Co. 
"     Vn^    TX  ,    (1805)»  p.  470,     No  author.    Deecription  and  capacity  of  the  New 


(1896).  p.  im. 
breaker   for   si:i" 
Larger  than  upr,» 
VoL  CV ! 
l^'Btnke    (] 
and  thr   'i;,ii 


No  author.  Description  and  capacity  of  the  Taylor 
which  the  movable  jaw  nas  greater  motion 
'Tier   lumps. 

0.     A.  H,  Curtis.     Description,  power  and 
States    and    Cornet    breakers.     Deacription 

iw   hroakcr. 
•tone  brc 
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129.  Ibid.,  p.   178.    M.   Bellom.    Descriptions,  details,  power  and  capacity  of  Sdinai 

breaker. 

130.  Ibid,,  p.    179.  R.   Bolton.     Description   of   Lancaster   breaker. 

131.  Ibid,,  p.  182.  R.  £.  Ck>mmans.    Advantages  of  Schranz  breaker. 

132.  Ibid,,  p.  186.  R.  A.  Hadfleld.    Ck>mparison  between  ordinary  steel  and  manganese 

steel  for  jaw  plates. 

133.  Iron  Age,  Vol.  LI.,   (1893),  p.  12.    No  author.     Description  of  the  Lowry  breaker. 

134.  Iron  d  Steel  Inst,,  (1884),  Part  II.,  p.  694.    T.  A.  Blake.    Outline  of  Blake  system 

of  fine  crushing. 

135.  Ibid,,   (1885),  Part  IL,  p.  706.    S.  R.  Krom.    Abstract  from  A.  I,  M.  E,,  XIV.,  p. 

497. 

136.  L,  Superior  Min,  Inst.,  Vol.  III.,  (1896),  p.  93.    H.  J.  Wessinger.    Cost  of  crushing 

hard  hematite  at  the  Minnesota  Iron  mine. 

137.  Mech,  Mag,,  Vol.  XCIII.,  p.  8. 

138.  Ibid,,  Vol.  XCIV.,  p.  467. 

139.  Min,  Jour.,  Vol.  XU.,   (1871),  p.  68.    J.  Darlington.    General  article  on  breakers. 

Comparisons  with  hand  breaking.     Few  figures  on  capacity.    Description,  power 
and  capacity  of  a  machine  which  has  its  jaws  moved  by  hydraulic  power. 

140.  Ibid.,  p.  275.     £.  G.  Spilsbury.    Description  of  Dodge  breaker. 

141.  Ibid.,  Vol.  XLII.,   (1872),  p.  906.     No  author.    Description  of  the  Marsden   (Blake 

type)    breaker  with  engine  connected. 

142.  Ibid.,  Vol.  XLIII.,  (1873),  p.  189.    No  author.    Mention  of  a  double-acting  breaker. 

143.  Ibid.,  p.  549.    No  author.    Description,  capacity  and  power  of  Blake  breaker. 

144.  Ibid,,    p.    632.     No    author.     Description,    capacity    and    power    of    Blake-Marsden 

breaker. 

145.  Ibid.,  Vol.  XL  v.,  (1876),  p.  1101.    No  author.    Description  and  capacity  of  Mars- 

den's  breaker. 

146.  Min.  Soc,  N,  Scotia,  Vol.  I.,  Part  II.,   (1892),  p.  35.    J.  E.  Hardman.     Details  of 

Forster  breaker  as  used  in  Oldham  and  Waverly  mills,  and  its  advantages  over 
other  forms. 

147.  Min.  d  Sci.  Press,  Vol.  XLIX.,  (1884),  Oct.  18.     No  author.     Description  of  Brodie 

breaker,  in  which  the  movable  jaw  rises  when  receding  and  falls  when  approaching 
the  fixed  jaw,  thus  causing  pressure  and  grinding. 

148.  Ibid.,  Vol.  LXII.,   (1891),  p.  216.    No  author.    Short  description  of  Dodge  breaker 

and  pin  plates. 

149.  Ibid.,  Vol.  LXIV.,    (1892),  p.  185.     No  author.     Description  of  the  Booth  breaker 

of  the  Blake  type,  and  of  the  Booth  Combination  breaker,  which  is  practically 
a  Blake  breaker  set  over  a  Dodge. 
160.  Ibid.,   Vol.   LXV.,    (1892),   p.   41.     No   author.    Description   and   capacity   of   the 
Comet  breaker. 

151.  Ibid.,  Vol.  LXIX.,    (1894),  p.   193.     No  author.    Description  of  Lowry  breaker. 

152.  Ibid.,  p.  337.    No  author.    Capacity  and  applicability  of  Gates  breaker. 

153.  Iron,   Vol.   VI.,    (1876),   p.    101.    No   author.    Description   of   the   Blake-Marsden 

breaker. 
164.  Ibid,,  Vol.  VII.,   (1876),  p.  72.    No  author.    Description  and  capacity  of  Marsden 
breaker  with  engine  connected. 

155.  Ibid,,  p.  260.     No  author.     Description,  capacity  and  power  of  the  Excelsior  stone 

breaker,  which  acts  on  the  Blake  principle  through  an  eccentric,  connecting  rod, 
lever  and  toggle. 

156.  Ibid,,  p.  548.     No  author.    Description  of  Archer's  stone  breaker,  which  acts  on 

the  Blake  principle  through  a  cam  and  a  lever. 

157.  Ibid,,  Vol.  X.,    (1877),  p.  648.    No  author.    Description  of  Marsden  breaker  with 

engine  attached. 

158.  Ibid.,  Vol.  XXL,  (1883),  p.  68.    No  author.    Description  of  Marsden's  fine  breaker. 
169.  Ibid.,  Vol.  XXrV.,  (1884),  p.  58.    No  author.    Description  of  Baxter's  fine  breaker, 

in  which  the  movable  jaw  moves  up  and  down  in  front  of  a  roll. 

160.  North  Eng.  Inst.  Min,  d  Mech,  Eng,,  Vol.  XLII.,   (1892-3),  p.  87.     A.  G.  Charleton. 

General  article  describing  several  breakers,  giving  comparison  with  hand  brealdng 
and  capacity,  power,  cost,  etc. 

161.  Oest,   Zett.,  Vol.   XXXVI.,    (1888),   p.   201.    K.   Barth.    Description  of   Blake,  of 

Blake  multiple  jaw,  and  of  Krom's  improved  breakers. 

162.  Ibid,,  pp.   247-248.    K.  von  Reytt.    Results  of  test  showing  capacity,  power  and 

sizing  tests  for  jaw  breaker. 

163.  Pract.  Mech.  Jour,,  III.,  6,  253. 

164.  Prod.  Gold  d  Silver  in  U.  S.,   (1880),  p.  346.    W.  A.  Skidmore.    Description  of 

Do4ge  breaker. 
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Ifrr.  drj!  IfiWa,  ScHefi  III.,  Vol.  XVIH.,   (IS92).  p,  2m.     Aiip.  Gillon.     DcscTiptinn 

of  ^ifvera)   lype^  of  breaker  at   Kxpogition  l/nivprscllr  nf   I88l», 
fhid..  Vol.   XXI,,    M893L  p,  2W.     U  Demiiiot.     AdvanlAjjOH  oi   mechanical   crushing 

over  breaking  by  hand. 
8rk.    Minfj,   Quart,,   Vol.    XIV..    flB02),    p.    226.     M.    lU^Uom.     Same   as   Ann.   d€9 

Mines.  Vol.  XX.,    11891k  p.  7. 
Heu  American,  Vol.  XXIV,,  p,  83. 
Mwl  .  Vol    XLVr.  pp.    M3.    147 
8t^hl  u,  Eimen,  Vol,  III.,  ( 1883),  p.  372.     No  author.     Deacnption  of  Baxter  breaker, 

vi'htch   in  similar  to  the  Blake. 
thid,,  V'ol.    XL.    nson.   p.   329.     No  author.     Dpsn-ripticin   of   CoJe'»   breaker   which 

19  practically  two  Blake  breakers,  oni*  above  the  other. 
Ibid.,  p»  331.     No  author.     Principle  of   BIiikt'H  muitiplL'  jaw  breaker. 
Ibid.,  j>.    423.     No    author.     Principles    of    Buchanan    breiiker. 
Ibid.,  Vol.   XIL,    (18t»2),  p.  436.     No  author.     Principle  of  Tuft   breoker,   in   which 

the  movable  jaw  is  pivoted  above  and  driven  by  lyi  elliptical  canv. 
The    En^neer,    Vol.    XXXV.,    (1873^    p.    110.     No    author.     Description    of    Blak«J 

breaker,   with   portable  engine   connected.  ■ 

tbid.^  p.  1S5.     No  author.     De*ieription  and  cajmcity  of  ('olc";*  fttonc  breaker,  which 

baa  a  two-faced  movable  jau   driven  directly  by  an  pfcenlric  and   two  fixed  jaws, 

one  on  each  side. 
Ibid,    Vol.    XXXVI.,     (1873),    p.    132.     No    author.     Deatriptifm    of    Hope's    stone 

breaker*   in  which   the  jaw  ie  pivoteil    above  and   is  driven  through   an   eccentric, 

ft   lever,  and  a   toggle.     It   is  also  supplied   with   a   patent   cubing  jaw. 
Ibidr,   p.   202.     No  author.     Description  of  a   sUme   breaker   of   the   Dodge   type. 
Zeit,  Berg.  Hutt,  «.  ^ntinenireitnK  Vol.  XXVI..  (  1878),  p.  130.     E.  Althann.     Descrip- 
tion,   capacity    and    power    of    Blake    breaker;    also    degcription    of    Marsden    and 

Alden   breaker. 
l&id,.  Vol.  XXXV.,   (1887),  p.  2G3.     No  author.     Short  description  and  capacity  of 

*Srhrani    breaker. 
Ibid.,    Vol.    XLIT.,    (1804),    p.    231.     No    author.     Description    of    Burtsch    breaker, 

which  is  of  the  Dodge  type. 
Zrit.  Oe«t,  tng.   1>t.,    US71).    p.   160,     Description  of  Caniroux  breaker. 
Ibid,^  p.  249.     Description  of  Codman  breaker. 
Zeit,    Ver.  Dcui,  Inff,,   11886),  p.  117, 
/Wd.,  p.  476. 


CHAPTER  III. 

ROLLS. 

Final  Cbushinq. — Chapters  III.  to  VI.  inclusive,  deal  with  Rolls,  Steam 
Stamps,  Pneumatic  Stamps,  Spring  Stamps,  Gravity  Stamps  and  Grinders. 
Many  of  these  machines  are  used  not  only  for  final  crushing  but  also  for  auxiliary 
crushing. 

§  71.  Principles  and  Purpose  of  Rolls. — Crushing  rolls  consist  of  two  iron 
cylinders  A  A,  (Fig.  36),  revolving  upon  the  shafts  BB  in  the  direction  of  the 

arrows  and  acting  upon  the  lump  of  ore  C  on 
the  principle  of  the  toggle  joint.  The  revolving 
rolls  being  held  in  position  in  their  journals, 
act  radially  upon  the  lump,  gradually  drawing 
it  toward  the  narrowest  space  between  them,  ana 
finally  breaking  it  by  virtue  of  a  compressive 
force  superior  to  the  breaking  strength  of  the 
lump.  The  ore  is  therefore  broken  by  compres- 
sion. 

PIG.  36. — PRINCIPLE  OF  ROLLS.       Thcsc  machines  receive  ore  from  the  rock 

breakers  or  middlings  from  the  jigs  and  crush 
to  sizes  that  are  suitable  for  severing  the  rich  minerals  from  the  waste 
preparatory  to  the  washing  machines.  Since  they  act  on  the  principle  of  crush- 
ing by  direct  pressure  and  since,  when  they  are  set  to  crush  to  any  particular 
size,  the  particles  smaller  than  that  size  can  tumble  through  without  being  further 
crushed,  rolls  yield  a  very  small  percentage  of  fines,  and  are  therefore  especially 
adapted  to  crushing  galena,  chalcopyrite,  blende  and  all  the  soft  brittle  ores, 
producing  from  them  the  minimum  amount  of  fines. 

Rolls  when  crushing  malleable  substances,  as,  for  instance,  native  copper,  native 
silver,  etc.,  or  hornsilver  and  minerals  of  like  character,  may  either  help  or  hinder 
the  dressing.  Three  examples  of  this  are  given.  (1)  The  flattening  of  grains 
which  are  malleable,  while  the  brittle  rock  is  broken  to  a  smaller  size,  mav  be 
made  a  direct  means  of  concentration  by  screening  out  the  flattened  cakes  from 
the  finely  broken  rock.  (2)  On  the  other  hand  in  crushing  native  copper  rock 
by  rolls  it  is  found  that  copper  is  liberated  from  its  rock  in  leaves,  flakes  and  thin 
arborescent  forms,  wholly  unsuited  to  jigging,  causing  great  waste  in  the  tailings. 
(3)  In  crushing  native  gold  ore  by  rolls  the  gold  fails  to  be  brightened  pre- 
paratory to  free  amalgamation,  the  thin  flakes  fail  to  be  broken  up  preparatory 
to  concentration,  and  finally  it  is  difficult  to  reduce  the  ore  to  a  suflSciently  fine 
state  of  division  to  liberate  the  gold.  Rolls  therefore  do  not  find  favor  for  crush- 
ing  gold  ores  preparatory  to  amalgamation. 

wThile  this  machine  depends  upon  simple  principles,  it  has  reached  a  posi- 
tion of  such  importance  in  concentration  that  every  piece  of  metal  entering  into 
its  construction  and  every  principle  controlling  its  action  has  been  the  subject 
of  much  study.    These  parts  and  principles  will  now  be  considered. 
§  72.  Classification.— In  the  first  place,  a  classification  is  here  attemipted 


H0LL8. 


•    '^f  bringing  iu  Hglit  ai»y  fruits  of  natural  selection  resulting  from 
ical  lUfthnd  which  hfic  been  gcuorally  cmployod  in  developing  this  class 
'\.     KoUti  iiuiy  bo  divided  into  four  claEses  according  to  the 
>  do. 
fl  BtilU  which  crmh  ike  Product  of  a  Breaker. — The  coarsest  product  going 
the  rolls  of  this  q\^^6  contains  grains  rangincr  from  <»3,5  mni.  to  0;  the  finest, 
from  12.7  mm.  to  0.     Perhaps  the  most  common  contains  grains  ranging 
om  ;i».l'  T'Ti'    T'>  IK     These  products  are  nut  sized  but  the  rolls  take  the  coaiae 
as  they  come. 
■  'i'fi  crush  the  Oversize  of  a  Coarse  Trommel  Fed  by  a  Breaker. — 
The  <  ;  roduct  fed  to  these  rolls  contains  grains  ranging  from  63.5  mm.  to 

Smm.,  :  grains  ranging  from  8  mm.  to  3.6  mm.     Tlie  fine  stuff  io  all 

cuts  hn-  ted  out, 

nr  'hick  crush  the  Product  of  a  Preceding  Pair  of  Rolls  from  which 

ih4  h  '•>/  or  may  not  liave  been  removed.— These  are  generally  called  the 

Xo,  ^  roiif  in  a  mill.  The  distinctive  feature  of  the  feed  ig  that  while  its  largest 
fiixa  of  grain  may  range  from  30  to  60  mm.  in  diameter,  it  has  only  a  few  ecatter- 
jrains  of  that  size.     The  most  of  its  grains  are  smaller. 

Bolls  thai  are  crushing  Jig  Middlings. — ^The  feed  of  these  rolls  runs  as 
.  4i>  mm.  and  as  low  as  4  nun.  for  its  maximum  size,  and  in  many  int^tance.s 
Imixture  of  very  fine  grains.     This  product  is  generally  a  difficult 
i  ,  as  it  contains  the  hardest  grains  of  gangue,  and  the  freeing  ot 
by  these  rolls  is  much  less  perfect  than  with  the  others,  because 
Me  grains  were  mostly  freed  by  the  earlier  crushing. 
ves  the  feed  and  the  product,  as  well  as  some  of  the  dimensions  and 
uined  from  rolls  in  the  mills  visited  by  the  author.     It  also  shows 
die  clasg  to  which  they  belong. 

g73.  Maximum  Size  of  Feed  to  Bolls. — By  inspecting  Table  34  we  see 
thnt  whih*  63.5  mm.  or  2.5  inches  is  a  maximum  feed  to  rolls,  they  are  rarely 
■  ^*>  larger  than  38.1  mm.  or  1.5  inches;  and  that  while  it  is  conmion 
xust  to  rolls  because  it  is  easier  to  do  fo  than  to  sift  it  out  before 
jog*  only  one  instance  occurs  of  feeding  anything  finer  than  2A2  mm.  or 
inch  diameter  with  the  intention  of  further  reducing  its  size,  and  that 
)Iill  31^  where  the  mid<llings  of  the  jig  treating  the  product  from  the  third 
of  o  hydraulic  claj^sifier,  which  is  fed  \nth  2|  mm.  to  0  grains,  are  sent 
m\h.     TIjis  product  is  probably  as  <ine  as  I  nun.  in  diameter. 
^74*  Gbxkiul  Construction.— (See  Figs.  48  to  52.)    The  chief  parts  which 
^Ut  inlo  the  count  ruction  of  a  pair  of  rolls  are  a  pair  of  shafts  upon  which 
«ed  permanent  cores  of  soft  cast  iron  carrying  shells  of  hard 
'nif"  the  crushing  surfaces.     These  two  shafts  are  of  two  kinds, 
the  other  in  movable  boxes.     The  movable  are  held  up 
-  by  powerful  springs  or  by  levers  and  weights,  the  degree 
Ji  b^mg  regulated  by  shims  between  the  boxes  or  by  compression  bolts. 
[)xes»  *?prings  and   shims  rest  upon   a  strong  cast-iron   frame.     The 
ari*  held  up  to  their  work  by  strong  bolts  or  by  the  tensile  strength  of 
ime.     Tile  shafts  are  driven  by  gears  and  pulleys  or  directly  by  pulleys. 
Framed. — The  working  parts  of  rolls  are  placed  upon  frames  of  cast 
■*  "         '  i  r  two  sepurate  pnrts,  the  one  carrying  the  two  boxes 

fts.  the  otbrr  enrrving  the  other  two  boxes,  as  in  Fig, 
two  fn»rnf!<  may  be  united  by  two  pieces  across  the  ends,  in  which 
pur  parts  are  all  made  into  one  casting,  as  in  Fig.  49c.     This  latter 
PG  its  much  to  be  preferred,  since  tlie  settling  of  the  mill  building  will 
♦  I.,,  '^Mfrnment  of  the  shafts  and  boxes.     Tlie  former,  sectional,  form 
re  traiif jortation  is  made  on  mule  back- 


64 


ORE  DliESSIXO. 


75 


TABLE  34. — GENERAL  TABLE  OF  ROLL  DATA  FROM  THE  MILLS. 

AbbreTiatioiis.—Dl.:=  Blake  breaker:  Cap.-CaDacity;  Est. = Estimated;  Q.=0ate8  breAker;  gr.agrinly; 
h.=houre;  In.slnches:  J.  M.=JigmiddliD?s:  L.=I<owiy  breaker:  inaf(.=mafcnetic;  max. s: maximum;  mid.= 
middlings;  Ov.=over8ize;  (S.) = sectional ;Th.= through;  No.=number;  tr.=tronmiel. 
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12 
lb 

le 

17 

le 
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so 


S3 
S3 
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ST 

S8 
90 

SO, 

ai 


40  t 


From  Btake. 

Tb,  Bl.,  M  lo,.  cm  No.  1  tr.,  H  to* 

Jie  mldd Lings  through  ^  to. 

TiK  Bl,  ♦  I  in;,  oti  No.  1  tr.,  S  mesh. 

Through  Blake,  1  in. 

Jig  mJOdlltigf,  1  to  000  in. 

Th.  Bl.,  1 U  in.,  qo  No,  1  tr.,  0.14!  to. 

Through  Hlike. 

OTL^rslseHo.  1  cronimel,  3  meah. 

OTCEKlze  of  No.  2  trommolt  O.SSS  tn. 
Ji^  mld4llTiE«.  0  2S»  to  0.000  in. 
Through  Ulake,  1  in. 
Ovt!j^l*e Ko.  I  trommel,  0.177  In, 
Throutfh  Krojti  breaker,  1  In. 

iO 
Through  Blake^  1^  In. 

Th.  BL»  U  ln,H  on  Vo,  1  tr..  10  mm. 
Ov.  No.  2  tr.,  7  mm. ;  J.M. jOto  0  mm. 
Th.  Bl,  t^  In.;  Ov.  N«  1  tr„  •  mm. 
JifC  Bkhiimingt;.  6  mm,  to  0. 
Krom  Dodire  breaker,  \  \a 
OviTwiEO  No.  2  trommel,  0.234  in, 
Th.  Bh  1^  in.,  031  Ko.  I  tr,  1^  E»- 
JlgtalllnKii,^lD|lin. 

(il 
J.M.a6toSmm.;OT.No,8  tr.,3^mm. 
Through  Blake,  17  mm. 
OvwrsiJte  No.  1  trommel,  8  mm, 
Th.  So.l  tn,  S  mm.,  on  No  S  tr,6  mm. 
Til.  pr.,  1J4ln,;  Th  O.  or  Bi..  254  in. 
Til.  No.  1  rolU  on  No,  1  &r.,  ^  mm. 
Jiff  iiiifkiUnKS,  «5  to  7  mni. 
J.M..7  to  Otiim.;07.  No.  3tr,^Dmm. 
Thn>UKb  Blake,  m  in. 
Jiff  middlings,  IVj^Io.  to  4  mm. 
J,  M..  i  mtn.  to  0:  JM.,%^i  min  to  0. 
Th.  BLj  IH  In.;  T>i,  gr,  jJi  In. 
Jig  mmdhof^,  1i>i  In,  toSmm. 
Jig  middliqgs.  B  to  S  mm. 
Jig  middlings,  5  to  3  mm, 
Th.  Bi,  1  to.,  on  No.  1  tr..  OlS  to. 
Jig  nuddliDRfi,  O.B  in.  to  0 
Th.  gr.,  lHiti^>  Th.G.*imn. 
Ot.NoJ  tr.J5mm.:J.M.,l5co]lmm. 
Jig  mtddllnga,  lUo  »  mm. 
Th.  grixxly,  t  hi.;  Th.  Qateo,  J  in. 

Cm) 
Through  Blake, 

Ot  No.  I  tr..  0,5  in.;  J.M.,O.S  to0.3I  in. 
Jig  middlinga,  O.Sl  in.  to  0. 
Th.  Q..  n^  in. ;  Qt.  No  1  tr.,  »5  mm. 
Jig  mldd lungs,  25  to  t!0  mm. 
Jig  middlings,  SO  to  B  mm, 
J,  M.,  10  to  3  mm.;  Qv.  No,rtr.,7mm. 
JLg  middlings,  1^  to  ^tn. 
Jig  middlings,  ||  to  f^lQ. 

Co) 
Jig  tailings,  IS  to  BM  mm. 
F^m  No.  S  BUike,  1  in. 
Jig  middlings,  00  to  7  mm. 
J.  M.,  7  to  3  mm.;  J.  IL,  3  taOmm. 
Through  No.  a  breaker. 
Froto  NO.  1  rolls, 
Jigiiiklditoga,f«tof^fn. 
jll,Mto^ln:;Ovl^o.5 
Jig  mkfdlf  Dga,  through  U 


5tr.»Sito 
Win. 

. fitr.,       „, 

to  3  mm. :  Or.No.S  tr.3  mm. 


Prodtietto. 


Close, 
Ciosff. 
Close. 

H 
Clofifi. 
Close. 
Close. 


J.M.,  U  io.  to  0;  UfTNa  B jr.,  0,1  ill. 
".  ,1  m. '    *  -.*-*.- 


Hand  jig. 

No.  I  trommel,  W  In. 
No.  ]  trommel,  |»^in. 
No.  1  troEnnii'l,  2  mesh. 
No.  1  tiommt-l,  Q.m  In. 

No.  Itr.,80,l0.9mm43) 
No.  1  tPommel,  IB  mm. 
No.  S  trommel.  O.OtfS  In. 
No.  I  trommel,  A  mt^* 
No.  i  irommel„  5  mesh. 
No.  2  trammel,  DJ^  in. 

No.  0  trammel,  0,060  In. 
No.  1  trommel,  a  177  in. 

No.  1  trotnmet,  13  mm. 

No.  1  trommel,  7  mm. 

ti.  L*  LI 

No.  9  trorumer,  7  mm. 

Nci.  1  trommel,  0  mm. 

Jjgs. 

Nu.  S  trommel,  0.294  In. 

No,  U  trommel,  %  in. 
No.  0  tromott'l,  t|  in. 
No.  2  trommel,  m  mm. 
Ko.  M  trommel,  3^  mm. 
No.  1  trommjel,  a  mm. 

No.  2  trommel  e  mm. 
No.ltr.,9Svl5,l0mm,  C8. 


No.  8  tn,  B,  au  mm.  tS, 
No,ltr..mi&,9mm.<S, 

No.  3  trommel,  2>|  mm. 
Koi  tr„l»,  Smni,  (8.) 
No.  4  ti-.,  fi,  9  mm.    {B.) 


No.  1  tr.,  OS, 0.31  in.  (8. 

No,  Str.,0.2,0.nln.  (S.)  Close. 

No.  1  tromruel  !&  mm. 

No.  &  trommel,  3  mm. 
No,  1  trommel,  10  mm. 
No.  &  trommel,  ^i  mm 
No.  I  irommeL  0,5  in. 

No  3  trommel,  0.9  in. 
No.  1  trommel,  2S  mm. 


No,  7  tr..  7,  8  mm.  (S.) 
No.  9  trommel,  ?i  iu> 

No.  0  trommel,  S^  mm 
No.2  tr.^l^  iti.,lS  mm,(&.) 

No.  1  trommel,  90  mm. 

it  ft  14 

No,  5  tronmiel,  t  mm. 
No.  2  rolls. 

No.  I  trtymmei  %  in. 
No.  9  trommel,  f|  in. 
Na  6  trommoi,  ^  In. 

u  u  »*. 

Noi  S  trommel  0,1  la. 
No.  S  trommel,  3  mm. 


m  as 


is 

H 


100 
93 


75 

00 


100 
1^ 
80 
BO 
2«(ft> 
40 


Cap.  per 
94  h. 
Tb&B, 

Ca) 


94 
94 

49 

50 
45 

100 
40 


88 
55 
00 
00 

48 


100 

00-80 


8 

5 
9tt> 


10 


40 


TO 

50 

m 


t 


m 


TOO 


ISO        I 

n 

n 
I 

IV 

ii,rr 

t 
m 
n 
m 

IV 

t 

m 

I 

in,  IT 

I 

ULTf 
II 
infill,  IV 

IV 

I 
m 
u 

IV 

I 
in 
Q 

I 
ni 
r? 

IV 

I 

IV 
IV 

I 

IV 
IV 
IV 

n 

IV 

I 

17 


IV 


t 

IV 

I 
m,iv 

IV 

a 

IV 
IV 
IV 
IV 
IV 
IV 

nr 

IV 

7S"        1 
75      IV 


1 


190 


IV 
I 

m 

IV 
IV 

rr 

IV 

IV 


W  ^^^^^^"  BOLLS.  ^^^^^^^^  66 

T4BLE  M. — OBKERAL   TABLE  OF   EOLL   DATA    PROM   TtTK   UlLLS.— Concluded, 


1  I  I  Til.  Bl.,  1^  ls.«  OD  No.  1  tr.,  4  mesb 
»  Xo.  1  trotmnel,  0.8M  In. 

|Oir#riida^  of  nd,  3  me&h. 

|Tli  L..I4  I  1  tr.,  nn 

rr>i±e  >'  I,  1  to  ^  i»»- 

|iil,  of  ID&^  r.  A  iQ.  to  0. 

I  Buctiu.tJL:ii]i  HixQ  breaJKer^  1  Ja. 
I  No.  1  rollft. 

IT  I  No.  8  tr,.  J4  (o. 

n  »aNo.3tr.,0.0Win. 

oDNo.itr.,0.0«lQ. 

{ Tlirou^h  Blake,  Hi  la. 


Product  to. 


So,  I  trommel,  4  mmh. 
Ko,  1  trommel,  0,284  In. 

No.  1  If.  4  8  aod  4  iiieah. 

No.  1  trommel^  3  mesh. 

No.  8  trommel,  ^  tn. 

»»  »k  it 

No, «  rolls. 

No.  8  trommel,  ip) 

No.  3  trommel,  0.060  in. 
No.  4  tromniel,  0.068  in. 

Loj7  wafther. 

No.  1  tfommel,  8  mm« 


Close. 

Close. 

H 
Close; . 
Close. 
Close 
Close. 

Clofe. 
Close. 
Close, 


84 


s. 


islioo 

14  100 

15  180 


Cup,  p<»r 
34  Ik 

Tons. 
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CUm. 


(4i|  .icliMl  cftpAciCy  is  what  the  roHs  at'tually  do  In  84  hours;  maximum  capacity  It  what  it  is  eBtlm«lltKl  ibvf 
nM  do  If  run  &£  thetr  maxttntim  CftpacUy.  (6)  Throup^h  BliLke,  30  mm.-  No.  1  Jt^  tailings,  30  to  10  mm.;  No.  8 
',  mt*i>i\ins:%  lU  to  t  mm.  (r)  Thnmgh  No.  1  trommel,  15  mm.  on  No.  2  trommel,  10  mm.-  Jig  middliiiga,  10 
^  0  mm  id)  One  roU  m&kes  44  r«volutlo&(i,  the  other  45.  it)  Through  f^risujy,  m  laches,  aud  Blake,  lyi  iDcbes, 
I  Ha,  1  tmrnnidl,  CLffil  iiMsb.  (/)  lOtt  revolutions  per  minute  caused  exoessiye  wear,  ig)  40  tons  Tor  Imrd  orei» 
_  \  for  aofl.  \h)  AC  B  rerolntlona  the  rolls  became  ginxed.  (i)  Oversize  No.  1  trommeK  lH  mm. :  Jig  middllogs, 
tt  (41 1  mnt ;  pcor  ii«nd  from  tmtiklog  madiine;  i)Ooriir>(ttliQi^  table  heads.  <j)  Qverslse  No.  1  trommel^? mm,; 
ilf  taOJiHBi,  7  to  8  mm. ;  Jig  middlings.  3  ttj  0  mm.  ikj  Thi^  is  tlie  result  of  actual  measurement.  U)  Tijrough 
l>o4liV  IS4  Ixicbes,  on  No.  1  trommeU  40  mm.;  Oversize  No  2  trommel,  10  mm.;  Ji^  taiilnga,  40  to  00  mm. 
IpiI  J|f  miildUngB.  89  mm.  to  sand;  Oversize  No.  5  tromujel,  L'^  mm.  in)  Jig  middlings,  %  inch  tu  '^^i  mm.; 
O^0itae  No.  0  trommel,  3)4  mm.  (o>  Jig  tatUogs,  iH  iDches  to  15  mesh;  Over&izo  N't.  S  trumiuel,  1}%  iocbirs. 
i  p)  TUi  ^mikm  tram  $4  inch  down  to  80  meah.    {q\  OvereiM  No.  1  trommel,  13  mm.,  which  treats  No.  1  roll  stuff. 


re.  Shafts. — They  are  usually  of  inild  steel  or  i^Touglit  iron,  ae  shoi^Ti  in 

►k  40,  occasion  ally  of  cast  iron.     The  greatly  addoil  weight  of  cast  iron  tends  \ 

"    t,  by  heavy  axle  friction,  the  advantage  of  the  f_4ieaper  material.     It  is 

have  hill   two  hearings  for  a  s^haft,  since  with  three  hen  rings  the  shaft 

eater  friction  if  it  gets  out  of  line.     In  some  cases,  however,  where  an 

ing  pulley  or  gear  is  m  heavy  as  to  cause  excessive  strains  in  the  bhaft, 

fi  necessary  to  have  three  hearings* 

§  77.  TuK  CaLairiNO  Cyundkus  are  made  either  of  one  solid  casting  bored 

fit  the  shaft,  all  of  which  must  he  discarded  when  the  surface  is  worn  off; 

'  ^y  consist  of  a  permanent  central  core  of  soft  iron  which  is  forced  on  the 

by  hydraulic  pressure,  and  to  the  trued  surface  of  which  a  movable  shell 

_  part  is  fastened.     The  former  method  is  now  pretty  much  abandoned, 

vbore  the  foimdrj-  is  next  door. 

B.  Krom  makes  his  core  and  tires  as  follows:  The  core  is  in  two  parts  (see. 
J.  37),  fach  a  little  less  than  half  the  length  of  the  face  of  the  roll  shell;! 
fgjie  conical,  having  their  lesser  diameters  inward.      One  part  is 

j>|f  ni    \    nently  to  the  shaft  and  fixes  the  position  of  the  roll,  the  other 

is  drawn  into  place  by  four  powerful  draw  bolts.  The  inside  of  the  tire  has  two 
eorrefponding  cfinifjil  surfa(n.'s.  The  movable  half  core  is  split  on  one  Bide, 
vbkfa  fpring^'  t^nmigh  by  the  pressure  of  the  tire  to  tightly  hug  the  shaft.     Th.^ 
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§  w 


cores  arc  lightened  by  substituting  a  design  with  hub,  with  eight  heavy  spokes 

and  a  tire,  for  the  solid  casting.  This  form  is  now 
quite  generally  adopted  by  other  manufacturers. 
The  half  cores  should  not  be  so  narrow  as  to  leave 
any  considerable  part  of  the  tire  unsupported  in 
the  middle,  that  is,  not  over  4  or  6  inches. 

§  78.  Roll  Shells  or  Tires. — The  thickness 
of  the  shell  varies  from  2  to  5J  inches,  the  width 
and  diameter  are  matters  of  design,  and  will  be 
taken  up  later.  (See  §  89  and  §  90.)  An  idea  of 
the  sizes  used  may  be  gained  by  reference  to 
Table  35.  The  crushing  surfaces  are  either  those 
produced  in  the  foundry  or  they  are  turned  down 
in  a  lathe  to  true  cylinders.  The  inside  surface 
of  the  shell  is  generally  turned  slightly  conical  to 
fit  the  core.  In  Mill  10  this  difference  in  inside 
diameter  amounts  to  i  inch  in  14  inches  of  width. 
Other  measurements  can  be  found  under  Mills 
24  and  30,  in  the  table.  To  make  this  inside  turn- 
ing easy  in  chilled  cast-iron  shells,  gibs  or  staves  of  wrought  iron  are  placed  in 
the  moulds  and  the  shells  cast  around  them.  For  example,  Mill  35,  roll  No.  1, 
has  eight  soft  gibs  of  wrought  iron.     These  soft  staves  can  be  turned  to  conical 

TABLE    35. — roll   SHELLS. 

AbbreriAtioDs.— Act.=actua];  Cap.=capacit7:  Ch.  L=chined  iron:  Chr.  8.=chroine  steel;  Ch.  &=cliined 
^teel:  C.  orR  S.=ca8t  or  rolled  steel:  C.  a=cast  steel:  D.sDry;  EstsEstimated;  F.  S.sFoived  steel;  H.s 
hours;  H.  S.= Hammered  steel:  In.=inches:  M.  S.=Manfcanese  steel;  O.  H.  R.  S.sOpen  hearth  rolled  steel; 
R.  8.=roUedsteel;  R.  T.  S.=Roll  tire  steel;  S.=Steel;  8.  S.=  Semi-steel;  W.=Wet. 


FIG.  37. — krom's  method  op 
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surfaces  much  more  easily  than  the  chilled  cast  iron.  The  shells  are  mounted 
and  centered  upon  the  cores  by  drawing  them  into  place  with  draw  bolts,  which 
may  also  act  as  keys,  or  they  are  wedged  up  into  line  by  driving  in  wooden 
wedges.  The  former  are  to  be  preferred  as  the  wooden  wedges  are  troublesome 
to  put  in  and,  if  the  rolls  are  run  wet,  troublesome  to  take  out.  The  nuts  dn  the 
bolts  holding  the  shells  in  place  should  be  frequently  inspected,  as  the  shells  are 
likely  to  expand  and  work  loose  on  the  hubs. 

§  79.  Material  fob  Roll  Shells. — A  material  for  roll  shells  to  be  satis- 
factory should  be  as  hard  as  possible  to  avoid  attrition,  tough  enough  not  to 
chip  and  not  so  malleable  as  to  flow.  Roll  shells  are  made  of  cast  iron  deeply 
chilled  on  the  outside;  also  of  cast  steel,  rolled  or  hammered  steely  chrome 
steel  and  manganese  steel.  Ferro-aluminum  and  projectile  steel  have  also 
been  tried.  The  following  summary  has  been  made  from  Table  36  to  show 
the  extent  to  which  various  materials  are  used :  Chilled  iron,  38 ;  cast  steel,  13 ; 
steel  (kind  not  given),  6;  chrome  steel,  5;  hammered  steel,  6;  manganese  steel, 
5 ;  rolled  steel,  4 ;  cast  or  rolled  steel,  3 ;  roll  tire  steel,  3 ;  semi-steel,  3 ;  chilled 
steel,  2 ;  forged  steel,  2 ;  open-hearth  rolled  steel,  1.  It  will  be  noticed  that  there 
are  52  steels  of  various  kinds  against  38  chilled  irons. 

Chilled  cast  iron  has  the  advantage  of  low  first  cost  (2  to  4  cents  per  pound), 
and  if  a  foimdry  is  near  by,  the  worn-out  shells  have  a  market  value  (J  to  i 
cent  per  pound).  It  has  the  disadvantage  of  short  life  and  uneven  wear,  be- 
coming at  times  deeply  pitted  on  the  surface,  so  much  so  as  to  seriously  hinder 
the  work  of  crushing,  long  before  the  shells  are  otherwise  worn  out,  and  con- 
sequently the  weights  of  old  shells  are  greater  than  with  steel.  It  also  chips 
at  the  edges  with  hard  ore.  Its  hardness  prevents  it  from  being  easily  trued  up, 
a  difficulty  which  is  not  met  with  in  the  steels  of  mild  or  medium  hardness. 

Wrought-iron  and  mild  steel  shells  have  a  tendency  to  flow  or  bead  over  at 
the  ends  too  much,  extending  the  length  of  the  shell  at  both  ends.  On  this 
account  these  metals  do  not  flnd  favor. 

Cast  steel  is  a  medium-priced  material  (6  to  6^  cents  per  pound)  and  has  a 
medium  life ;  the  surface  is  not  as  reliable  as  that  of  the  next  three  materials. 

Forged  steel,  either  rolled  or  hammered,  is  the  most  reliable  material  that 
exists.  With  reasonable  attention  it  wears  evenly.  It  costs  6^  to  10  cents  per 
poimd.  It  wears  very  thin  before  the  shells  are  rejected,  but  the  latter  generally 
have  no  commercial  value.  The  author  quotes  Mill  26,  however,  where  they  sell 
for  $7  per  ton. 

Chrome  steel,  made  by  the  Chrome  Steel  Works,  is  forged  steel  containing 
chromium.  It  has  all  the  advantages  of  forged  steel  and  the  manufacturers 
claim  that  it  has  longer  life.     It  costs  about  10  cents  per  poimd. 

Manganese  steel,  made  by  the  Taylor  Iron  &  Steel  Co.,  has  extraordinary  hard- 
ness and  toughness.  It  costs  about  10  cents  per  pound  and  the  manufacturers 
pay  about  1  cent  per  pound  for  old  shells  delivered  at  the  factory.  Mill  40 
reports  one  remarkable  record  of  length  of  life,  given  in  Table  35,  but  could  not 
repeat  it.  One  of  the  worn-out  shells  in  this  test  weighed  250  pounds,  and  was 
W  inch  thick.  The  other  weighed  400  pounds  and  was  1^  to  IJ  inches  thick. 
The  later  shells  gave  out  by  cracking  when  but  half  worn  out.  The  large  size 
of  the  casting  was  thought  to  be  the  cause  of  the  difficulty.  Others  have  had 
the  same  experience  due  to  the  uneven  quality  of  the  metal.  The  manufacturers 
claim  that  while  shells  4  inches  thick  crack,  shells  3  inches  thick  do  not.  Their 
reason  for  this  is  that  they  cannot  anneal  perfectly  up  to  4  inches.  When  the 
material  comes  from  the  mould  it  is  brittle  and  this  brittleness  is  removed  by 
annealing,  which  consists  of  heating  to  redness  and  plunging  into  cold  water. 
On  thick  pieces  there  is  apt  to  be  a  core  separated  in  this  operation  which  impairs 
^Ae  streDgth  of  the  whole  piece.    It  is  also  claimed  that  roll  shells  of  this  metal, 
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tiiiit  hare  becoS^SeSfSnS^work,  expand  and  do  not  retnra  to  their  original  size 
mhen  cooL  They  are  liahle,  therefore,  to  cause  trouble  by  working  loose  on 
(h^  coieft.  This,  however,  might  possibly  be  prevented  in  wet  crushing  by  the 
f  of  wooden  wedges  between  the  t^hell  and  the  core.  Sometimes  this  expansion 
\n^4^  I  he  roll  to  split  longitudinally. 

cime  steel  and  forged  steel  appear  to  be  excellent  for  roll  shells,  and  if  the 
Ities  of  castling  and  stretching  can  be  overcome,  manganese  steel  will  prob- 
mk  even  higher.     The  final  decision  as  to  which  will  be  used  must  be 
by  the  ledger.     Tlie  items  besides  life  which  enter  into  this  computa- 
!7*re  cost  of  shells  at  the  works,  the  freight,  the  time  lost  in  repairs,  and  the 
lue  of  the  old  shells.     Mr.  Argall  reports  an  exception  in  the  case  of  chrome 
He  has  found  it  too  brittle  for  roll  shells.     One  set  lasted  only  eight 
rs  and  one  shell  cracked  entirely  through  and  dropped  off  the  core.     A  second 
was  tougher,  but  even  these  broke  in  a  week's  service,  large  pieces  cracking 
'  ua  the  edges,  in  one  case  14  inches  long  by  \\  inches  wide. 
I  In  Table  35  the  wear  of  shells  is  given  in  two  columns.     The  gross  wear  makes 
'  oUowance  for  the  metal  that  is  left  in  the  worn-out  shell,  while  the  net  wear 
so.     The  cost  given  in  the  table  is  the  gross  cost,  allowing  nothing  for  the 
iJp  of  the  old  shells.     A  few  figures  of  net  cost  were  obtained  and  arc  given  in 
ihlf  36  with  the  corresponding  gross  cost.     It  should  be  not^d  that  Mills  24 
ud  2b  are  treating  soft  lead  ores  in  Missouri. 

TABLH  36. — NET   COST   OP   SHELLS. 
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*  III  Stm  9iw  No.  9  rolls  mmA  their  shells  after  crunhin^  fi.OOO  toos  to  No.  \  rolls  wbere  they  crush  40.7iOQ  tona. 
.  ffeera  wre  not  etiotif^h  of  Omm  ah^Ui  to  supply  &U.th«  No.  1  roUa,  hence  some  of  the  l&tter  receive  new  shells 
J  Willi  thcBD  cnanh  45,000  bo&s, 

f  tte  Md^  cost  la  Ute  same  as  the  grots  cost  in  Tkble  S5  for  all  Eoatertala  except  ohtUed  iron. 

The  rolls  which  show  the  more  favorable  gross  wear  in  Table  35,  running  from 
t0O05  to  0.2  pounds  of  iron  per  ton,  are  nearly  all  of  them  crushing  mine  ore 
'dd  nioftly  galena  associated  with  limestone.     For  example,  Mill   16,  roll   1 ; 
\,  1 ;  24/1  and  8;  25,  1 ;  28,  1 ;  30,  1,  2  and  3;  31,  1,  2  and  3;  32,  1,  2  and 
35,  1 ;  and  Mill  D3,  rolls  1  and  2.     The  rolls  which  show  unfavorable  gross 
0.3  to  O.G  pounds  of  iron  per  ton  crushed,  are  mostly  middlings  rolls  or 
that  are  called  upon  to  crush  hnrd,  gritty,  cutting  ores.     For  example, 
T-       "  ^    ->-;,  2  \  20,  3 ;  27,  2 ;  28,  2  and  Mifl  43,  roll  1.     Mill  40  has  given 
the  li  figures  on  comparison  of  metals  of  any  mill  in  Table  35.     Mill 

20  reports  tiiiit  chilled  iron  wears  60  to  120  days,  cast  steel  DO  to  300  days, 
forfea  «iteel  120  to  300  days,  ferro-aluminum  less  than  cast  iron.  Mill  39 
reports  that  if  the  life  of  chilled  iron  in  tons  crushed  be  taken  as  100*  then 
ihu  HfM  i^f  rast  steel  was  149;  rolled  steel,  158;  manganese  steel,  154,  and 
f«r«>  m»  04. 

5  Mr    IMP  *N0  Roll  SnELLS.— The  greatest  care  is  needed  to  make  the  rolls 
r  evenly-     If  the  ends  of  the  rolls  are  not  in  the  same  plane  then  each  roll 
lap  beyond  the  other.     This  state  of  thin^'i^,  if  allowed  to  continue,  m\\ 
fljioges  OD  each  of  the  two  protruding  ends.    These  tlanges  max  b'?  \\\- 
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moved  in  the  machine  shop  by  turning  down  the  roll,  or  buffing  it  down  with 
an  emery  wheel.  They  may  be  removed  on  the  spot  with  an  emery  block,  a 
lever  and  a  weight,  as  in  Mill  25  (see  Fig.  38).     S.  R.  Krom  has  a  slide  rest 

and  lathe  tool  adapted  to  truing  up  the  roll 

n  shells  in  place.  To  keep  the  mill  running  and 
save  time,  it  is  well  to  have  spare  shafts  with 

rolls  and  boxes  upon  them.  The  worn  rolls 
can  be  quickly  hoisted  out  and  the  new  low- 
ered into  place.  Each  shaft  should  run  only 
in  its  own  boxes. 

FIG.  38. — ARRANGEMENT  OP  It  is  far  better  to  prevent  the  formation  of 
EMERT  BLOCK.  flanges  if  one  can,  and  so  avoid  the  loss  of  time 

caused  by  removing  them.  If  rolls  are  fed 
with  the  cheek  pieces  of  the  hopper  close  against  the  ends  of  the  rolls,  so  that 
feed  lumps  1^  inches  in  diameter  cannot  be  nipped  by  the  rolls  nearer  than  } 
inch  from  the  end,  then  it  follows  that  the  idle  ends  of  the  rolls  will  wear  less  and 
will  become  flanged  and  presently  need  to  be  turned  down.  This  formation  of 
flanges  can  be  avoided  by  placing  the  cheek  pieces  a  little  more  than  the  half 
diameter  of  the  largest  feed  lump  from  the  ends  of  the  rolls,  which  guarantees 
that  the  roll  shells  will  wear  to  the  very  ends.  Coupled  with  this  a  little  hori- 
zontal grate  with  movable  bars  is  placed  in  the  steep  sloping  feed  trough  and  cer- 
tain of  the  bars  are  removed  to  guide  the  feed  stream  and  therefore  the  wear  of  the 
rolls.  If  the  central  bars  are  removed  the  rolls  are  fed  mainly  at  the  center;  if  the 
end  bars  are  removed  the  rolls  are  fed  mainly  at  the  ends.  In  this  way  the  wear  can 
be  directed  to  the  highest  part.  In  Mill  39,  for  No.  1  roll,  this  grate  is  made  of 
J-inch  round  bars,  \\  inches  apart.  It  is  generally  considered  best  to  keep 
the  ends  worn  slightly  smaller  than  the  middle  and  so  to  forestall  flange  making, 
for  if  the  edges  are  flanged  and  the  rolls  are  pressed  tight  together  there  is  great 
danger  that  the  edges  will  be  nicked.  This  is  particularly  true  with  chilled 
iron.  At  Mill  20  the  rolls  are  fed  by  a  trommel,  the  rotation  of  which  in  one 
direction  one-half  the  time  delivers  the  ore  toward  one  end  of  the  rolls,  while 
its  rotation  in  the  opposite  direction  the  other  half  of  the  time  delivers  toward 
the  other  end  and  thus  keep  the  rolls  true. 

Another  method  of  keeping  the  rolls  true  is  to  set  them  one  day  with,  say  \ 
inch  end  laps,  the  next  morning  set  the  laps  at  the  opposite  ends;  the  rolls  end£ 
are  said  to  wear  more  on  the  wearing  d&y  than  they  lose  on  the  rest  day.  In 
Mills  20  and  25,  the  plan  has  been  adopted,  with  favorable  results,  of  wearing 
the  shells  on  the  flne  rolls  until  they  have  lost  their  surfaces  too  much,  then  to 
hand  them  over  to  the  coarse  rolls,  where  the  inequalities  are  of  much  less 
moment.  To  effect  this  with  the  least  loss  of  time,  all  of  the  rolls  of  a  mill 
must  be  of  the  same  diameter,  face  and  make,  and  spare  shafts  and  boxes  should 
be  used.  An  instance  is  reported  to  the  author  of  the  avoidance  of  the  evils 
of  flanges  by  having  one  roll  \\  inches  longer  than  the  other.  The  long  roll 
soon  forms  two  flanges,  one  at  each  end,  and  the  short  roll  fits  into  the  space 
between  them.     This  roll  is  known  as  the  Geyer  roll. 

Out  of  24  pairs  of  rolls  in  the  mills  we  find  that : 

Nine  pairs  of  rolls  are  kept  true  by  placing  the  cheek  plates  off  and  carefully 
guiding  the  feed. 

Four  pairs  are  kept  true  by  placing  the  cheek  plates  off  and  running  an  evenly 
distributed  feed. 

Two  are  kept  as  true  as  possible  with  the  cheek  plates  close  by  guiding  the 
f(jed. 

Two  pairs  of  fine  rolls  send  their  shells  to  the  coarse  rolls. 

One  pair  is  trued  by  lapping  the  ends  on  alternate  days. 
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trued  by  the  emery  block,  lever  and  weight 
flangf'8  removed  by  emery  block.     The  complete  surface  is  trued 
-  oDe  roll  back^'ard  and  feediag  quartz  sand. 
[      d  up  in  the  machine  shop, 
[ill  t^3,  the  edges  of  the  No,  1  rolls  are  made  beveled  to  prevent  the  edges 
ipping.     Thif.  is  after  the  design  given  by  Rittinger.     Gates  Iron  Worki*, 
si*  bevel  roll  shells  of  chilled  iron  so  that  the  faces  are  1  inch  narrower. 
llluxi  edges  resulting  from  flowing  or  beading  over  at  the  ends^  particularly 
WtWght-iron  and  mild  steel  rolls,  can  be  removed  by  hammer  and  cold 
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SiDK  Adjuptwevt. — To  facilitate  adjusting  the  rolls  endwise,  the  Gates 
1 1  collars  which  are  placed  on  the  roll  shafts  on  both 
i-nd  of  the  roll  shaft  which  is  opposite  to  the  driving 
They  are  m  the  form  of  a  split  clutch  nut.  When  loosened  they  c«n, 
ling  them  np<m  the  shaft,  give  a  very  perfect  end  adjustment.  When 
they  act  as  guiding  collars.  Side  thrust,  which  makes  guiding  col- 
esfiary^  is  said  by  Gates  to  act  in  a  direction  toward  the  driven  side. 
The  Colorado  Iron  Works  put  guiding  collars  of  iron  on  the  outer  ends  of  each 
be^ng.  They  fasten  these  to  the  shaft  by  taper  pins  and  then  place  loose  brasB 
eollars  between  them  and  the  ends  of  the  boxes. 

§  B%.  Feeders. — A  sudden  rush  of  ore  will  choke  the  best  rolls  unless  they  art 
piroiidied  with  an  extraordinary  amount  of  power  and  strength;  a  deficit  of  ore 
causes  loee  of  time.     A  feeder  furnishes  the  eimplcFt  corrective  for  both  of  these. 

ttf^  obtained  in  practice  either  by  taking  the  rock  direct  from  some  machine 
■limits  output,  fur  example,  a  breaker,  or  by  using  some  of  the  feeders, 
b  Ibe  Tullock  with  feod  sole  shaken  by  cam  and  spring;  the  Vezin,  with 
sole  shaken  by  an  eccentric ;  the  Hendy,  the  roller  feeder,  the  pushing  block 
T,  or  *  :*  swing  stirrup  feeder.     The  Hendy  feeder,  if  used,  should 

have  a  fef  m  which  the  stream  can  spread  to  the  width  of  the  rolls.     It 

n  imp  rit  the  %*der  should  deliver  an  almost  continuous  stream  to  the 

Kg.  _  r  s  rule  is  that  the  feeder  should  give  not  less  than  four  times  as 

1?  impulses  as  the  rolls  make  revolutions  per  minute.  Yezin  finds  that  250 
lulsses  per  minute  makes  a  virtually  continuous  stream.  Where  the  ore  con- 
tains considerable  clay  which  causes  the  ore  to  slip  and  prevents  it  from  being 
djuwn  down  between  the  rolls,  to  hasten  the  crushing  an  oscillating  ram**  has 
been  used  which  forces  the  clayey  material  down  between  i\\^  rolls, 

§83.  Pi  "         >  AND  TffEm  Align MEXT.^ — Means  must  be  provided  for 

listing  apart  of  the  rolls  to  suit  the  cru^^hing  and  to  compensate 

wear  of  the  roll  shells.     The  mechanism  must  he  such  that  on  the  one 
rtiUs  when  crushing  cannot  approach  nearer  than  the  distance  at  which 
•rr  s^t^  and  on  the  other  that  they  will  not  recede  at  all  with  the  ordinary 
of  cn^'^T^^*^^   hut  if  a  hard  object  like  a  driU  point  is  fed,  they  will  open 
to  save  breaking  the  machine.     It  is  for  this  purpose  that 
'  the  rolls  are  made  movable.     There  are  three  ways  of  doing 
ining  the  alignment  or  parallelism  of  the  rolls. 

49a  and  i9if.)  To  have  the  boxes  of  the  movable  roll  slide 

V  of  each  other.     The  rolls  are  held  up  to  their  work 

ni  of  the  rolls  being  accomplished  either  by  putting  in 

^^s  on  each  side  to  hold  the  boxes  the  required  distance 

apart,  or  by  using  compression  bolts  which  enable  the  rolls  to  stay  apart  the 

nect  the  two  movable  boxes  by  a  rigid  frame  which  slides  upon 
x\w  two  si*1«*«  of  (he  machine  and  ^ives  perfect  alignment.  They 
.  their  work  by  tension   rods  and  springs  and  prevented  from 
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coming  too  close  by  shims  or  compression  bolts.  The  Jackson  rollsy  made  by 
McFarlane,  and  Wild's  patent  rolls,  made  by  the  Union  Iron  Works,  are  instances 
of  this  form. 

(3)  (See  Figs.  49c,  50  and  51.)  To  support  the  two  movable  boxes  upon  two 
vertical  levers  swinging  upon  pivots  below  called  swinging  pillow  blocks,  and 
to  hold  the  rolls  up  to  their  work  by  tension  rods  and  springs,  and  to 
hold  them  apart  by  lock  nuts  on  the  tension  rods.  In  the  Buchanan  rolls, 
made  by  the  George  V.  Cresson  Co.,  of  New  York,  there  are  special  adjusting 
bars  or  rods  which  pass  from  the  swinging  pillow  block  back  through  a  bracket 
cast  on  the  end  of  the  main  frame.  By  turning  up  lock  nuts  on  the  outer  ends 
of  these  rods  the  rolls  can  be  opened  and  held  at  any  desired  distance  apart 
These  rods  are  so  arranged  as  to  allow  the  rolls  to  spring  apart  in  case  of 
necessity.  These  swing  levers  are  mounted  in  two  ways:  (1)  The  two  levers 
are  united  below  in  one  solid  casting,  making  a  swing  U  lever  which  swings 
upon  a  pin  perfecting  the  alignment  of  the  movable  roll.  S.  R  Krom's  rolls 
(see  Fig.  50)  are  of  this  form.  With  this  construction  it  is  diflScult  to  make 
the  swing  U  lever  of  sufficient  rigidity  to  keep  the  boxes  perfectly  in  line  and 
avoid  heating.  (2)  The  swing  levers  are  pivoted  below  independently  of  each 
other,  self-lining  boxes  being  used  and  the  alignment  of  the  shaft  being  obtained 
either  by  lock  nuts  or  right  and  left  coupling  nut  on  the  tension  rods.  Rolls 
made  by  the  E.  P.  Allis  Co.  (see  Fig.  51)  and  those  made  by  the  F.  M.  Davis 
Iron  Works  Co.,  are  of  these  two  classes  respectively. 

The  fixed  pillow  block  is  either  bolted  to  the  main  frame  or  it  is  cast  with 
the  main  frame  and  lined  up  with  it  in  the  machine  shop,  or  lastly,  a  pedestal 
is  cast  on  the  main  frame  into  which  a  tubular  box  is  dropped. 

§  84.  Boxes  or  Bearings. — The  boxes  or  bearings  for  the  shafts  are  either 
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•  These  rolls  liara  lever  Mid  weight  instead  of  springs. 
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,  with  a  cap  and  base,  or  they  are  made  in  one  solid  tube;  in  either  case 
m  babbitted  over  the  portion  which  takes  the  wear.    Where  a  tubular 
*,  it  if;  aligned  upon  the  pillow  block  by  fitting  it  to  the  pedestal  by 
and  socket  joint  with  vertical  axis,  or  by  ball  and  socket  joint.      Gates 
Works  use  this  design  on  their  best  rolls.     The  angle  for  the  dividing 
le  between  the  cap  and  base  varies  in  different  makes  from  45°  to  50**  with 
horizontah     It  is  intended  to  conform  to  the  resultant  force  obtained  by 
bmiDg  the  weight  of  the  rolls,  etc,  with  the  pressure  of  resistance  to  crush- 
ing of  the  rock.     Krom  puts  a  water  jacket  on  his  boxes  and  by  rimning  water 
into  this  a  hard-worked  roll  may  be  kept  cool.     By  making  the  bearing  surfaces 
of  iitfficient  size  and  keeping  out  the  grit  there  is  no  need  of  water  cooling. 
Over  the  ends  of  the  boxes  shields  are  usually  placed  to  prevent  the  entrance 
of  dost  and  grit.     A  groove  in  the  end  of  the  box  with  cotton  waste  in  it  also 
prevent*  entrance  of  grit.     For  speed  in  rebobbitting  boxes  the  spare  set  of  shells, 
y^ftt  and  boxea  already  recommended  will  serve.     In  addition  to  these  a  travel- 
^ft  truck  overhead,  with  a  differential  hoist,  will  lift  the  old  parts  and  carry 
^ttm  oat,  bringing  back  the  new  roll  shaft,  shell  and  boxes.     The  time  lost  in 
efaanging  may,  with   these  precautions,  be  reduced  to  perhaps  one-quarter  of 
what  tt  would  be  without  them. 
The  giies  of  journals  used  on  rolls  are  given  in  Table  37.    A  discussion  of 

the  sizes  of  journaL^  will  be  found  later  in 
§  95  under  *%Tounial  Friction.'* 

%%h.  Springs  or  Weights. — ^The  use  of 
a  weight  and  bent  lever  (see  Fig.  39),  to 
hold  the  movable  box  in  position  has  nearly 
gone  ont  of  practice  in  this  country  (see 
Tabic  40),  the  difficulty  being  that  unless  the 
rolls  are  run  very  slowly,  as  in  Mill  25,  roll 
No.  1,  the  weights  will  not  have  time  to  act 
in  case  a  drill  point  is  fed.  In  Mill  16, 
Jjo.  1  roUd,  which  have  a  lever  and  weight,  run  fast,  because  the  ore  is  ver}-  soft 
Hh  free  fri>ni  dangrrou^  lumps. 

^^Bprings  are  of:  (1)  Para  rubber,  usually  in  sections  with  iron  plates  be- 
tween; or  (2)  of  steel.  Rubber  is  u.sed  where  rolls  of  minimum  cost  are  desired 
for  short-lived  operations.  Steel  springs  are  the  standard  for  permanent  work 
and  the  forms  used  are  those  known  as  spiral  car  springs.  A  sufficient  number 
of  tbesv^  are  put  together  to  give  the  necessary  compressive  force.     Steel  springs 

E**"**'1d  be  long  enough  so  that  there  shall  be  no  danger  of  the  spirals  ever  closing 
hen  The  mode  of  applying  the  springs  is  to  put  them  outside  ih^  movable 
with  the  fninie  or  bnlts  ah  the  tennion  part  (t^ue  Figs.  4!)r  and  41»^7),  or 
de  the  fixed  pillow  bloek  with  bnlts  tn  transmit  the  force  (?ee  Fig.  50). 
latter  arrangement  appears  to  be  most  favorable.  Springs  should  be  given 
equal  tension  on  each  side  to  make  the  rolls  wear  evenly.  The  nesrt  of  springs  is 
tfomelimes  compressed  between  two  plates  by  special  bolts  called  compression 
bofta^  as  shown  for  the  main  springs  iu  Figs.  T^'tn  and  ."j^?/.  This  takes  the  ten- 
Aoo  of^  "  he  main  lxilt>s  and  is  to  be  commended,  although  it  adds  slightly 

the  i  -I.     It  makes  tlie  setting  up  of  the  great  tension  holts  very  easy, 

mgs  do  not  have  to  be  relaxed  as  is  the  case  where  shims  are  used ; 
idv  fjioved  intact  to  such  a  position  that  they  will  bear  when  the 
{}  ■     "         \  distance  apart.     Two  compression  bolts  are  best,  as  it  is 
\o  i^i^Liii-uie  the  load  evenly  on  more  than  two. 

tmge  remstance  to  cnishing  ia  probably  less  than  5,000  pounds  pressure, 

4K     Thih  pre^horr  will  risr  mnch  liigluT  :ind  fsill  tn  nnthing,  nrc'<»riling 

tc  and  »ij!i^  of  feed.     This  ]>rei?hure  is  sustained  l)y  the  main  teuavoiv  hoV^ 
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and  by  the  inertia  of  the  rolls.  The  pressure  of  springs,  on  the  other  hand,  may 
be  from  15,000  to  100,000  pounds.  The  spring  pressure  is  usually  taken  up  by 
the  shims  or  compression  bolts.  The  springs  yield  only  when  the  resistance  to 
crushing  reaches  their  limit  of  compression.  They  then  act  as  the  safety  valve 
on  a  boiler  does,  by  preventing  the  pressure  from  rising  greatly. 

When  rolls  are  set  close  it  is  common  to  remove  the  shims  altogether.  This  is 
a  costly  practice^  for  the  great  spring  pressure  is  by  this  means  transferred  from 
the  shims,  where  it  belongs,  to  the  journals  of  the  rolls  which,  in  consequence, 
have  to  work  with  a  constant  pressure  of  15,000  to  100,000  pounds  upon  them, 
instead  of  a  variable  pressure  which  generally  averages  less  than  5,000  pounds. 
Brunton  finds  that  not  only  the  babbitt  but  also  the  shells  wear  out  much  faster 
under  this  treatment.  Even  when  the  whole  spring  pressure  is  required  for  the 
crushing  the  shims  should  still  be  used  to  prevent  the  rolls  from  quite  coming 
in  contact  in  case  the  feed  stops.    ^ 

Table  38  shows  the  total  pressure  exerted  by  the  springs  used  by  the  Qates 
Iron  Works  upon  their  26  X  15-inch  and  their  36  X  15-inch  rolls,  as  determined 
by  a  hydraulic  press.  To  get  the  pressure  for  each  battery  of  springs  the  figures 
given  in  the  table  should  be  halved.  These  springs  are  1\\  inches  long  normally 
and  5f{  inches  when  compressed  solid. 

TABLE  38. — SPRINGS  ON  THE  GATES  ROLLS. 


Length  of 
Spring. 

Amount  of 
Ckunpreesion. 

Pressure  Exerted. 

On  26-Inch  Roll. 

On  85-inch  Ron. 

Inches. 

Inches. 
0 

J'* 

Pounds. 
0 
16,000 
80,000 
41,250 
48,750 

Pounds. 
0 
82,500 
87,600 
68,600 
71,850 

The  total  pressures  used  by  the  Colorado  Iron  Works  for  27X14  and  20X12- 
inch  rolls  (see  Figs.  52a  and  526)^  are  given  in  Table  39. 

TABLE   39. — SPRINGS   ON   ROLLS   OP   COLORADO   IRON   WORKS. 


Amount  of 
Compression. 

Total  Pressure  be- 
tween 27xl4-iDch  Rolls. 

Total  Pressure  be- 
tween 90xl8-inch  R<^. 

InchM. 

Tons, 
10 
81 
89 
66 

6 
18 
10 
88 

It  is  not  intended  that  the  high  values  given  in  Table  39  shall  be  used  in 
running,  as  the  rolls  are  designed  for  only  30-tons  constant  pressure  between 
the  27Xl4-ineh  rolls  and  20  tons  between  the  20Xl2-ineh  rolls,  the  factor  of 
safety  of  the  compression  bolts  being  7^  in  the  former  and  8  in  the  latter. 

Roger  has  designed  crushing  rolls  to  do  away  with  springs  when  crushing  soft 
rock.  One  roll  is  placed  above  the  other,  as  shown  in  Pig.  40.  The  plane  of 
the  axes  slopes  45^. 

The  Sturtevant  centrifugal  rolls  also  do  away  with  springs.  In  these  each 
to]}  conaists  of  a  shaft  with  a  loose  roll  shell  encircling  it.    The  shell  is  lined 
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op  iod  proveiited  from  end  motion  by  two  large  flangos  keyed  to  the  shaftj  one 
.^a.  iftcb  fiide.     The  space  between  the  shaft  and  the  shell  is  nearly  filled  with 

sector-block  weights  of  cast  iron 
with  slots  in  them,  through  which 
iron  pins  parallel  to  the  shaft  are 
passed  to  gnide  them  in  their 
radial  journey  toward  and  away 
from  the  shaft.  When  the  rolls 
are  run  rapidly  the  weights  fly 
out  until  they  come  to  a  bearing 
on  the  inner  surface  of  the  roll 
shell,  line  up  the  latter  and  re- 
volve it  by  friction.  The  above 
mentioned  flanges  have  rims  on 
their  outer  edges  and  when  the 
rolls  are  running  normally  there 
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110.   40, — 8BCTI0K    OF   BOOEIl'S   ROLLS. 


PIO.    41. — METHOD   OF 

APPLYING    SCRAPEKS. 


of  Vy  inch  radially  between  these  rims  and  the  sector-block  weights, 
any  reason  the  roll  shell  becomes  moved  eccentrically  out  of  line  more 
5*1  inch  then  part  of  the  sector-block  weights  bear  against  the  rims  and 
iinst  the  roll  bhell.     The  rolls  do  away  with  springs  and  movable  boxes, 
r*n  a  hard  object  is  fed  it  overcomes  the  ci'ntrifugal  force  of  the  weights 
})Ould  do  Ihe  cnishing,  and  the  roll  shells  yield  and  let  the  piece  through. 
ScBAPERS  of  iron  are  sometimes  used  to  remove  adhering  fines  from  the 
the  roll  at  the  low^est  point  in  its  revolution  (see  Fig.  41).     They  are 
inr  in  fine  wet  crushing  with  greasy  ores  like  serpentine,  which  cauae 
trtmbla  oy  forming  a  slipper}^  coating  of  slime  on  the  surface  of  the  roll. 

§87.  Driving  Mecilanism. — Rolls  are  called  geared  rolls  w^hen  driven  by 
belt*  and  gears,  or  belted  rolls  when  driven  by  belts  alone.  The  former  appear 
to  be  preferred  for  alow  speed  coarse  crushing,  the  latter  for  high  speed  fine 
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rhiDjr  TTti^  rffl««if1cfition.  however,  is  not  by  any  means  universal,  as  will 
h  give?*  the  classes  to  which  the  rolU  belong  and  the 
are  driveiL 
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TABLE  40.— DRIVING  MECHANISM. 

AbbreTiatioii8.~C.  Lscast  iron;  Ck>.=comiMuiy;  Diam.sdiameter;  Fdy.sfoundry;  Isiroo;  Iii.sliicfaM; 
Mat. = material;  Mch.a5machlne;  S&e.smanufacturiiif ;  Min.sminute:  M.  S.smlld  stoel;  No.snuinber;  R.s 
rubber;  Rev. = revolutions;  R.  S.= rolled  steel;  S.=Bteel;  W.  I. = wrought  iron;  Wks.sworks. 
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(7>)  This  reftMn  to  the  t-leven  dettguA  as  esplained  Id 

jIUs  hA^e  l«T«r  and   weight,     (e)   Now  UAtes  Iroo  Works. 

'-y  9  fet^t  iti  diaint'ttT  with  a  llWinch  belt,    {g)  Kcduced  from 

Tjs  are  sevt^n  tirr^-HiUjs.    (ii  Thill  is  drivea  by  twooj^ieD  b*3lti 

.OS  ttre  lit  tho  pu  journaJ  and  at  tht*  roll  rc«pectively. 

r I  diameter    yh  J  jJ^   r>ek.    (m>  Que  Ix'lt  K  8,  the  other 
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lore  are  eleven  dessigiie  which  the  author  lisis  found  for  drivinpf  mechanisms, 
!je3e  the  first  seven  are  for  geared  rolls  and  the  last  iour  for  belted  rolls, 
RoUb  connected  by  finger  gears  on  one  side,  one  roll  being  driven  by  pinion 
on  the  other  side  (me  Figs.  42  and  48c),     In  thi?  desi^^n  the  belt  shaft 
placed  on  the  game  level  with  the  roll  shafts,  its  speed  is  reduced  by  one  gear 
usBion  to  one  of  the  roll  shafts,  this  shaft  again  in  turn  transmitting 
fcmer  to  the  other  roll  shaft  by  long-toothed  gears  called  finger  gears  or  star 
geRTit.     These  finger  gears  have  little  work  to  do  except  when  no  ore  is  fed,  as 
tlie  chief  driving  of  the  second  roll  is  done  by  the  friction  of  the  ore.     These 
gears  admii  of  a  certain  amount  of  wear  on  the  roll  shells  before  the  teeth  of 
DMA  gear  bottom  the  spaces  of  the  other.     When  this  happens  a  second  smaller 
Hv  of  finger  gears  is  mounted,  and  M*hen  the  roll  shells  have  worn  too  small 
MF these^  a  third.     These  last  serve  until  the  shells  are  worn  out. 
B-  Same  as  A,  except  that  both  gears  are  on  the  same  side, 
C.  Same  as  A,  except  that  the  pinion  gear  is  replaced  by  a  pulley. 
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FIO.  48a. — BIDE  ELEVATION  OF  FBASEB  ^k  CHALMEBS'  FIKGER-OEABED  BOLLS. 


FIG.  486. — ^END  ELEVATION 
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FIO.  48i. — END    FIO.  48e. — ^section 

VIEW  OF  BOLL.  OF  BOLL. 
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ifltt. — «n>S    ELEVATION    OF   THE  GATES   "HIOH-ORADE"   BOLLS   WITH    FEEDEB 

ATTACHED. 

:  4L— €1288  AKD  WEIGHTS  OF  BELTER  AND  GEARED  ROLLS  AS  RECOMMENDED 
BY    FRASER   A    CHALMERS. 


DfuiMt«r.     WmcQ. 

Kind. 

Weight. 

lodm.      iBcbei. 

Pouoda.       1 

80       Z       18 

Betted. 

1§,000 

88       X       H 

i     QeftmS. 

9i>,000 

1     Baited. 

17,400 

80       X       10 

1     0«*red 

MSffi 

{     B«lted. 

14,800 

18       S       15 

Bett«J. 

10.300 

18       X       19 

(     GertmS. 

ia.«oii 

*      Belted, 

J  3,400 

88       X       14 

Gcured. 
BelUsd. 

9,6fW 
8,900 

II       X       10 

0«&»d. 

8.0110 

Belted. 

7,100 

80       X       10 

Q^T^, 

7,(500 

:      Belted. 

«,«00 

IB       X       10 

Geared 

5,000 

BeltexJ 

lOOO 

18       X       to 

)     Geared. 

4,200 

j     Belted. 

4.000 

19       X       IS 

\     Oeaivd. 

a.noo 

\      B*-ltetJ. 

8,000 

8x0 

Belted. 

i.otw        ' 

XkmM  M, — BUSES  or  rolls  and  pulleys  and  spebds  of  belted  rolls  recom- 
mended BY  gates  iron  works. 


Dmifx^ 


D««Detor. 
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SiieoTBeltPulley. 

Berolutloiii  of  Rolli 
per  Minute. 

tucbfli. 

Iscbcs. 
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1).  Each  roll  driven  separately  by  a  pinion  gear  (see  Fig.  43). 
E.  Geared  rolls  with  a  pair  of  counter  shafts  below  (see  Fig.  44).  In  this 
design  the  belt  shaft  is  placed  below  one  of  the  rolls  and  drives  the  fixed  roll 
above  it  through  one  reducing  gear  transmission,  while  it  drives  the  movable  roll 
by  one  equal  speed  transmission  to  a  counter  shaft  on  a  level  with  it,  and  then 
by  one  reducing  gear  transmission  to  the  roll.  In  this  form  the  driving  pinion 
of  the  movable  roll  is  about  plumb  under  the  gear,  so  that  the  roll  can  te  moved 
in  sufficiently  to  completely  wear  out  the  shelh  without  seriously  disturbing  the 
meshing  of  the  teeth  of  the  gears.  On  this  account  finger  gears  are  not  needed. 
P.  Same  as  E,  except  that  the  counter  shafts  are  above.  It  is  probable  that 
the  loss  of  power  in  designs  E  and  F  by  the  extra  gear  transmission  is  balanced 
by  the  loss  from  finger  gears  of  preceding  designs. 

G.  Same  as  A,  except  that  the  finger  gears  are  removed  and  the  second  roll 
is  driven  by  friction  from  the  first  (see  Fig.  45).  This  design  may  be  made  from 
any  of  the  preceding  designs,  except  C,  by  removing  all  the  gears  except  the 
single  transmission  from  the  belt  shaft  to  the  fixed  roll.  Making  these  changes 
on  C  makes  it  become  design  K.  In  using  design  G  for  coarse  crushing,  some 
device,  such  as  Vezin's  auxiliary  spring  (design  K),  should  be  used  to  keep  the 
movable  roll  in  motion  and  prevent  shocks  which  would  otherwise  result  from 
intermittent  feeding. 

H.  Each  roll  dri\^n  by  a  large  pulley  (see 
Figs.  46,  49a,  49c  and  49d).  These  pulleys 
are  driven  either  by  one  open  and  one  crossed 
belt  from  the  same  shaft,  or  by  two  open 
belts  from  separate  shafts  running  in  oppo- 
site directions.  Where  a  crossed  belt  is  used, 
it  always  drives  the  movable  roll. 

I.  Similar  to  H,  except  that  one  pulley  is 
made  smaller  than  the  other  (see  Figs.  47, 
50  and  51).  The  small,  narrow  pulley  is 
put  upon  the  movable  roll  and  does  little 
work.  It  merely  serves  to  keep  the  roll  in 
motion  should  the  feed  cease  to  come.  This 
design,  which  crosses  the  narrow  belt,  has 
the  advantage  over  the  preceding  that  it 
saves  the  use  of  an  extra  shaft  for  two  open 
belts  and  it  avoids  the  crossing  of  a  wide 
belt 

J,  Similar  to  I,  except  that  both  pulleys 
are  on  the  same  side  of  the  rolls.  This 
makes  the  rolls  more  convenient  to  approach 
and  handle,  but  requires  an  outside  bearing 
which  introduces  a  complication  in  the  lin- 
ing of  boxes. 

K.  Similar  to  H,  except  that  there  is  but  one  pulley,  the  movable  roll  being 
driven  by  friction  from  the  fixed  roll.  This  design  has  the  advantage  that  it 
halves  the  number  of  belts  and  pulleys,  which  take  up  space  in  the  mill  and  fre- 
quently interfere  with  the  spouts.  Where  the  rolls  are  not  set  close  together  it 
has  the  disadvantage  that  the  movable  roll  will  stop  when  feed  ceases  and  start 
with  a  jump  when  feed  starts  again.  Vezin  has  overcome  this  by  the  use  of 
auxiliary  springs  (see  Pigs.  52a  and  526),  which  put  the  rolls  in  contact  when 
the  ore  feed  lets  up  and  by  so  doing  keep  the  loose  roll  running.  The  total  pres- 
sure exerted  by  these  auxiliary  springs  is  li  to  2\  tons  on  20X  12-inch  rolls  and 
2^^  to  3}  tons  on  the  27X  14-inch  rolls.    This  method  guarantees  that  the  periph- 
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FIG.  60. — krom's  belted  bolls. 
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Id  ramming  \\}\  the  geaird  and  belted  Tnllg  tlie  follriwinoj 
Me.     Geared  rolle  have  tlie  advantii^e  where  slow  &;|>eed  is 


re  wnrtliy  of 
desired  on  aceount 
fion  of  force  l>y  the  gears.     Belted  rolls  \v<nild  require  extraor- 
s  or  hirge  pulleys  to  do  the  same  work  at  slow  speed.     This 
aJilv  oi  ^t  arcHi  roll  p.  however,  makes  them  more  liable  to  break  in  case  they  are 
rfei^    For  high  speed,  belted  rolls  may  have  great  advantage  00  account  of 
moving  parts  and  con8e<|nent  less  lose  of  power. 
OPPEHS  AXD  riousixo. — As  before  stated  (see  §82)  rolls  need  special 
ew  to  limit  quantity,  to  prevent  choking  by  overfeeding,  to  keep  up  a  suffi- 
nt  rate  of  feeding,  and  also  to  regulate  wear.     The  ore  so  fed  is  received  in  a 
ppCT  placed  directly  over  the  rolls  to  retain  flying  fragments.     This  hopper 
imiy  I  not  be  a  part  of  the  houging.     The  replac*eable  ends  of  the  hopper 

exteii  iward  by  the  ends  of  the  rolls  form  the  cheek  plates  which  prevent 

lojxip^  tiL  ore  passing  by  nncrnshed.  These  cheek  plates  are  made  adjustable,  in 
a  direction  at  right  aivgles  with  the  shafts  to  keep  up  w'ith  the  wear  of  the  roll 
sheila*  The  distance  Ijetween  the  cheek  plates  and  the  ends  of  the  rolls  shonld 
f^;n4jit)le,  although  it  is  not  generally  made  so. 

iif  cast  or  plate  iron  enclosing  the  rolls  to  retain  the  dust,  is  some- 
ud  may  be  so  complete  as  to  deliver  the  crushed  ore  in  a  spout  below. 
ii    Hj  as  to  be  easily  removable.     Housings  with  a  door  for  oiling  are 
\s  used  to  protect  gears. 

n  OF  Face  or  Width  op  Bolls»— In  deciding  this  matter  several 

,^  I  '•  involved.     Wide  rolls  of  the  same  speed  have  more  surface  and 

_         r  1  :ipacity.     But  as  the  width  and  capacity  increase,  so  also  do  the 

§tTv«ses  to  which  the  frame  is  subjected  and  w^iich  must  be  met  by  a  greater  first 

of  the  machine.     With  the  increase  in  stresses  and  weight  there  is  an  in- 

in  journal  friction*     On  the  other  hand  narrow  rolls  are  much  easier  to 

true^  and  by  running  them  faster,  provided  the  speed  does  not  exceed  the 

^or  good  work,  the  capacity  lost  by  narrowing  can  be  regained ;  the  stresses 

and  the  first  cost,  weight  and  friction  are  reduced.     The  experience  in 

leads  the  manager  to  conclude  that  10-inch  rolls  crush  as  much  as  14-inch 

irear  mnch  smcx^ther.     In  this  ease  the  ore  probably  covered  the  whole  width 

the  roll  more  evenly  and  a  greater  pressure  per  square  inch  was  probably 

The  widths  in  common  use  in  this  countr}^  are  shown  in  Table  43,  which  covers 
different   mills  visited.     The  classes  are  those  defined  in  §  72.     For  the 
of  rolls  in  each  mill  the  reader  is  referred  to  Table  34. 


dmodefaii 

benoe  greai* 


TABT,E 

43. — SUMMAHY  OF  WIDTHS  OF  ROLLS* 

wyth. 

Number 

Number 

Number 

Number 

Sum. 

IOCll«f& 

in  CI*9S  L 

inCloiall. 

in  Claw  m, 

mClajsiV. 

0 

1 

4 

8 

a 

S9 

1 

1 

14 

14 

t 

e 

H 

ad 

1 

4 

14 

0 

2 

3 

5 

0 

0 

1 

1 

t  ^Ci  T>iAJCETEB  OF  RoLLS. — Rolls  are  used  of  diameters  varying  from  9  inches 
iicfaes  (&eo  Table  34).  Rolls  of  large  diameter  apparently  possess  tliree 
i>;e«  over  those  of  gmall  diameter:  (1)  The  increased  surface  ailowi?  more 
litk  U\  lie  em^hed  with  a  single  pair  of  sliells,  but  the  gain  is  not  important 
mlc^    '  '      n  the  case  of  the  smaller  rolls  are  so  frequent  as  to  cause 
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be  the  same  in  both  cases.  (2)  The  larger  rolls  can  make  a  greater  reduction 
in  size  of  lump  with  one  passage  of  ore  through  the  rolls  than  the  smaller,  the 
angle  of  nip,  which  will  be  explained  later,  and  the  periphery  speed  being  the 
same  in  both  cases.  But  since  the  larger  rolls  cost  more  on  accoimt  of  the  larger 
parts  and  the  greater  strength  required  for  the  additional  pressure,  we  may  say 
in  favor  of  small  rolls  that  two  pairs  of  them  in  series  can  make  the  same  reduc- 
tioii  as  one  pair  of  larger  rolls  with  less  first  cost  and  much  less  sliming  of  the 
ore.  Besides  this  the  smaller  rolls  are  more  easily  run  and  handled,  the  shells 
are  more  easily  and  securely  centered  and  they  wear  more  evenly.  The  journal 
friction  and  the  power  will  probably  be  the  same  in  both  cases.  (3)  Larger  rolls 
have  a  greater  capacity  than  smaller  rolls,  the  reduction  being  the  same,  since 
they  can  be  run  at  a  higher  rate  of  speed  on  accoimt  of  their  more  advantageous 
angle  of  nip.  In  case  both  the  reduction  and  periphery  speed  are  the  same  for 
the  large  and  small  rolls,  then  the  former  will  make  the  reduction  more  gradually 
and  hence  with  less  shock. 

The  diameters  of  rolls  used  in  the  mills  visited  are  shown  in  Table  44  in  their 
respective  classes  of  §  72. 


TABLE  44. — SUMMABT  OF  DIAMETERS  OF  BOLLS. 

Diameter. 

Number 

Nmnber 

Number 

Number 

Sum. 

iDchefl. 

In  Class  I. 

in  Class  n. 

in  Class  m. 

in  Class  rv. 

48 

0 

1 

86 

8 

8 

11 

81 

0 

0 

80 

17 

88 

88 

87 

86 

11 

84 

18 

83 

81 

80 

18 

16 

0 

0 

1 

18 

0 

0 

1 

One  large  manufacturer  of  rolls  places  24X14  inches,  another  places  26X14 
or  16  inches  as  the  best  standard  roll.  An  argument  against  excessively  large 
rolls  may  be  based  upon  the  facts  given  in  Table  62,  which  shows  that  large  rolls 
have,  in  the  majority  of  cases,  a  more  favorable  angle  of  nip  than  is  necessary. 

§  91.  Periphery  Speed. — By  reference  to  Table  34,  it  will  be  seen  that  for 
coarse  rolls  the  revolutions  per  minute  vary  from  8^  to  100,  and  for  fine  rolls 
from  24  to  130.  From  these  widely  diverging  figures  obtained  from  practice 
it  is  clear  that  no  law  for  revolutions  is  as  yet  developed.  Moreover  a  moment^s 
thought  upon  the  subject  brings  out  the  fact  that  speed  of  revolution  is  not  as 
good  a  criterion  for  comparison  as  periphery  speed,  for  a  roll  10  inches  in  diame- 
ter, making  90  revolutions,  and  a  roll  30  inches  in  diameter,  making  30  revolu- 
tions per  minute,  vary  greatly  in  number  of  revolutions,  yet  the  length  of  surface 
acting  is  the  same  in  either  case,  viz. :  235.5  feet  per  minute.  Again,  considered 
from  a  mathematical  standpoint,  the  same  pair  of  rolls  must  run  twice  as  fast 
to  crush  i-inch  cubes  down  to  \  inch  as  they  must  to  crush  1-inch  cubes  down 
to  i  inch,  the  amount  crushed  being  the  same  in  both  cases. 

Table  45  contains  the  opinions  of  different  authors  as  to  periphery  speed,  and 
Table  46  those  of  manufacturers. 

Table  47  contains  the  size  and  periphery  speed,  together  with  the  class  of  rolls, 
of  the  different  rolls  in  mills  visited  by  the  author.  The  reader  will  find  in 
Table  34  the  mes  oi  ore  crushed,  which  will  be  of  assistance  in  comparing  these 
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^B                     TABLE  45* — FERIPIIEEY  SPEED  OF  ROLLS  GIVEN  BY  AUTHORS.                           ^^| 

Diameter. 

KeTolotlonji 

Pertpbary  Speed. 

^H 

Iteifln. 

per  Miauta 

Feet  per  Minute, 

■ 

mtuoc 

■er ., 

60  to  180 

oatoiBo 

(OenMnT)...,. 

D»rfi»  ( Fnwioe). » , . .  „  1 

160 

^^^^^1 

flftliJJn 

,,, „J 

600  to  700 

m 

98 

'2 

w 

:  " 

OaetacoouDD. 

Kunluirdt  (Europo), . . 

5 

Uokeabach 

\Z 

^1 

^TABLB  4 

6, — PERIPHERY  SPEED  OF   ROLLS  GIVEN   BY   JIANUPACTURBES 

.    ■ 

1) 

Diameter. 
Incheo; 

Dealgn. 

Periphery  Speed. 
Fet*t  p»?r  nlloute. 

1 

Dotormdo  Ironworks. 

»80 

-r40 

810 

625 

953  to  814 

900 

900 

800 

B.R1 

Qftin 

Iran  Worlm^ 

r»wr&C9»lmen 

1  Goarso  rolls. 

1  Fine  rolli. 

6(«ArM'Bo^r  IfjfcDufftcturiQg 

Co 

Boltt*d. 
Geared. 

835  to  457 
167  to  188 

rural  Fouiidrf  and  MAcbiae  Co 

8tVI  to  L900 

^^^^^1 

r  M.  Dmrii  Iroo  Wort 

EB  ,, 

iB*Ued. 
iGeared, 

835  to  471 
188tolOT 

■ 

Jackx 

Ml, », 

0«ared. 

314  to  868 

TABLE  47. — BBTOLUTI0N8  AND  PERIPHEBY   SPEED  OF  K0LL3. 

1 

^^1           AhbrevtotkMBA,— Aver.=average;  Ft^fect;  Mlo. ^minute;  Nu.^number;  Per=periphery,                  ^^^| 

^P           CLASS  L 

CLASS  n. 

CLASS  in. 

CLASS  IV.                        ■ 

-k 

BbB. 

I 

1 

Mfli 

1 

St|«. 

II 

ii 

Hill 

£ 

Size. 

5-9 

Mm 

1 

size. 

1^ 

M 

•-1 

IbflMa 

No. 

1 

Inchisa 

1? 

No. 

=3 

Inches. 

No. 

& 

Incbea. 

hi 

1 

100 

m 

10, 

S9S34 

^ 

127 

90 

iMxia 

100 

es8 

10 

18x14 

sa 

.»     I 

a 

tm 

le' 

90x19 

90 

ISA 

«1 

94x14 

m 

503 

18 

18x14 

76 

888             ■ 

^B.  .. 

TO 

m 

IT 

90x14 

90 

471 

33 

soxie 

m 

S14 

IT 

90x14 

90 

471              ■ 

^^k  * 

i^xH 

an 

m 

t6 

MxN 

46 

4^4 

9S 

^xU 

m 

TOO 

90 

Jflxfl 

190 

608              ■ 

^H  1 

iOxM 

>s 

on 

» 

iMztir 

98 

fm 

S4 

30X13 

n 

IBS 

99 

80x16 

40 

814              ■ 

P4m   ] 

S7s14 

300 

7C6 

u 

^/ 

9t 

170 

90 

Si  3«xia  1 

50 

471 

88 

9 

97x14 

100 

700              ■ 

p    •  1 

SSi 

S' 

97 

87 

49 

sod 

27 

91x16 

iO 

9^ 

SM 

30xl"J 

24 

168              ■ 

m 

98 

96x14 

40 

«7« 

98 

24x14 

sa 

108 

35 

80x14 

60 

471              ■ 

ca 

m 

m 

aoxia 

9IH 

\n 

41 

aoxis 

34 

1S8  , 

37 

36x14 
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9^       ^^M 

4lJFt% 

« 

S4r 

87 

WX15 

40 

27^ 

§« 

8r>xlO 

90 
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SH 

2ftxl4 

40 

m    ^^M 
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m 
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M 

aw 
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S8 

80x10 

83 
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10 

jn 

M 
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80 
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{M3 

BO 
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00 

888      ^^M 
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«» 

m 

n 

i 

94x10 
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617 

eo 
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613  1 

80 

34x14 

85 

^^ 

b;ph|p|4 
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177 

SMJ 

9    ;21xl9 
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188 

81 

94x19 

30 

398              ■ 

sss 

«i 

m 

Aver. 

88 

80x14 

56 

510              ■ 

u 

m 

a87 

ATer. 

89 

80x14 

00 

■ 

'^V^ 

m 

SCI 
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as 

30x14 

80 
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i« 

m 

88 
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48 
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» 

iw 
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90x15 

47 
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HarH 

10 

an 

87 

90x19 

49 

%      ^^1 
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aw 

37 
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m 
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n   s 
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7I?T 

sa 

30x15 

m 

^    ^^1 

S  I 

itvu  jflo 

OBS 

38 

g 

90x15 

00 

^  ^H 

iOKJi 

« 

IM 

88 

30x15 

80 

fss  ^^M 

89 

30x10 

88 

OBtl          ^^^^ 

AvttF. 

aa 

96x15 

40 

f!    ^H 

S0.t 

40 
40 
48 
48 
89 

30x10 
80x10 
2SxlC 
80x10 
80X18 

81 
W3 

on 

lUO 

948      ^^H 

471        ^^ 

948      ^^1 

- 

/ 

'     / 

1 

^ 

/ 

ii 

1\\  \^>■^ 

B^^Hk                                           ^M 

88 


OBB  DliESSING. 


$91 


figures.  It  is  clear  that  averages  taken  from  such  widely  diverging  figures  can 
be  of  little  value,  although  the  table  shows  that,  as  a  general  rule,  fine  rolls  have 
a  greater  speed  than  coarse  rolls.  The  reason  for  tms  is  that  where  the  ore  is 
coarse  and  the  feed  is  more  or  less  uneven,  the  rolls  jump  more  and  there  are 
greater  strains  produced,  so  that  they  cannot  be  run  so  fast  as  rolls  treating  fine 
material  evenly  fed.  The  average  speed  of  all  the  rolls  is  379.2  feet  per  minute. 
For  practical  use.  Table  48  has  been  prepared,  showing  the  number  of  revolu- 
tions per  minute  that  rolls  of  different  diameter  must  have  to  produce  different 
periphery  speeds. 

TABLE   48. — ^REVOLUTIONS   REQUIBBD   FOR   VARYING   PERIPHERY   SPEEDS. 


Diameter 

Periphery  Speed  fn  feet  per  Minute. 

ofE^lUiD 

BD 

100 

150 

flOO 

BOO 

m 

fioo     tm 

TOO 

800 

flOO 

]€00 

iQCbM. 

Kuanber  of  Re^oluUonfl  per  Mimite. 

0 

SI 

43 

04 

8fi 

m 

m 

»a 

^& 

sw 

840 

saa 

tH 

10 

IS 

84 

86 

4K 

TO 

96 

no 

143 

197 

191 

215 

S30 

so 

10 

W 

2ft 

38 

B7 

T« 

oa 

lis 

134 

158 

m 

IM 

£4 

W 

^ 

32 

48 

M 

RO 

06 

111 

127 

143 

150 

89 

1& 

£3 

£9 

44 

£« 

n 

80 

103 

lis 

3BS 

1*7 

m 

IS 

]9 

S§ 

m 

51 

M 

76 

m 

m 

lift 

12? 

M 

tl 

16 

21 

aa 

42 

5a 

04 

74 

85 

06 

106 

42 

9 

14 

IB 

m 

ae 

4A 

55 

64 

n 

^ 

01 

There  seems  to  be  a  tendency  in  some  quarters  toward  high  speed  rolls. 
Another  argument  for  this,  in  addition  to  those  which  have  been  brought  out  in 
the  preceding  sections,  is  that  high  speed  rolls  are  much  smoother  running,  owing 
to  their  greater  inertia  which  at  the  instant  the  lump  is  nipped  supplies  more  or 
less  force  to  aid  in  the  crushing.  How  great  this  force  is  may  be  understood 
by  considering  it  equivalent  to  the  force  necessary  to  move  the  mass  of  one  roll 
away  from  another  a  very  short  distance  in  an  extremely  small  fraction  of  a  sec- 
ond. No  data  is  at  hand  to  compute  this  force,  but  under  certain  conditions  it 
may  become  very  considerable  (thousands  of  pounds)  where  the  speed  is  high 
and  the  lump  yields  with  diflBculty.  This  force  is  entirely  supplementary  to  that 
exerted  by  the  springs  and  it  varies  as  the  square  of  the  periphery  speed  of  the 
rolls,  other  things  being  equal. 

Some  authorities  advocate  running  one  of  the  rolls  slightly  faster  than  the  other 
in  order  to  prevent  the  exact  mating  of  the  rolls  and  consequent  possible  uneven- 
ness  of  wear  resulting  therefrom.  This  is  especially  true  with  geared  rolls.  The 
E.  P.  AUis  (Reliance)  rolls  are  geared  differentially  1  in  50,  which  is  reported  to 
work  advantageously  on  gears  and  rolls.  S.  R.  Krom's  belted  rolls  (see  Fig. 
60)  drive  the  small  pulley  1  in  100  faster  than  the  large  pulley.  This  is  prob- 
ably intended  to  prevent  the  former  from  lagging  behind.  The  use  of  any  con- 
siderable differentiation  of  this  kind  to  produce  grinding,  with  a  view  of  increas- 
ing the  crushing  power,  has  been  proved  fallacious  on  hard  brittle  ores,  requir- 
ing increased  power  without  corresponding  benefit.''®  In  regard  to  soft  clayey 
ores,  however,  the  case  is  different.  S.  I.  Hallet,  of  Aspen,  Colo.,  reports  a 
special  case  of  rolls  used  in  a  sampler  which  had  run  33  months  and  crushed 
82,000  tons.  They  were  fed  with  2-inch  lumps  from  a  breaker  and  crushed  to 
1  inch.  The  shells  were  soft  steel  and  were  never  trued  up  and  were  in  fair  shape 
at  the  time  of  reporting.  One  roll  runs  25%  faster  than  the  other.  The  ore 
which  is  soft,  being  largely  composed  of  limestone  and  clay,  when  crushed  by 
ordinary  rolls,  forms  ribbons  or  '^pancakes,''  while  the  above  differential  adjust- 
ment  tears  the  ore  apart,  completely  overcoming  the  difSculty.    The  differratii^ 
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[)und  to  be  ulniogt  abeolutely  necessary,  as  it  saved'a  great  deal  of  labor 

The  wear  of  the  roU  shells  was  slightly  increased. 

%92.  Space  B::tween  Rolls  and  Angle  of  Nip. — Spaces  vary  from  roUa 

ckee  together  or  practically  no  ©pace,  up  to  tj  inch  apart  (see  Tabl^  34-),     The 

relfttion  between  the  diameter  of  ore  fed  to  rolls  and  the  space  between  them, 

tluit  ia  to  say  the  ari>mit  of  reduction,  is  moi^t  iinportant  if  rolls  are  to  do  their 

jrork.     A  eomrnon  rule  for  coarse  fjUs  is  that  tlie  space  should  be  one-half 
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FIG.  54. 


FIG.  65. 


diameter  of  the  maximmn  lump  fed.  This,  however,  is  an  Imperfect  rule, 
\  it  does  not  include  the  consideiation  of  the  angle  of  nip. 
[Angle  of  Nip. — If  rolls  C,  />,  (see  Fig.  53)  be  fed  with  a  sphere  of  rock  E 
"r  tan^nts  to  the  rolls  at  aa,  the  points  of  contact  with  the  sphere  meet  below, 
rmin^  an  angle,  2iV,  the  half  of  which,  A^  is  called  the  angle  of  nip. 
^111?  angle  may  have  value?!  frnni  0*^,  where  the  space  between  the  rolls  is  as 
as  the  feed  lump,  increasing  upward  until  the  angle  is  eo  large  that  the 
eaniiot  nip  the  fragments.     This  angle  of  nip  in  any  case  will  depend 


no.  56. 


FIG.  57. 


FIG.   58. 


^alue  tipon  the  diameter  of  the  rolls,  the  diameter  of  the  lump  of  ore 
anH  thp  *lifetnnre  apart  to  which  the  rolls  are  set,  and  it  is  affected  in  the 
^  ■     4ied  by  increasing  the  diameter  of  the  rolls,  by 

he  vn\h^  and  by  diminishing  the  ^ize  of  the  lumps 
to  the  rol  ^  and  55  show  that  the  larger  rolls,  acting  on  a  given 

have  ^les  of  nip.     Figfl.  54  and  66  show  that  larger  spaces 

nip.     Pigs.  54  and  5?  show  that  smaller  feed  lumps  give 


ere. 


tmalJer  n 
I  Her  angk 


lip. 
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All  relations  between  size  of  feed,  space  between  rolls,  radius  of  rolls  and 
angle  of  nip  can  be  expressed  by  a  simple  formula,  which  is  derived  as  follows 
(see  Fig.  68) :    If  6=:radius  of  sphere  to  be  crushed,  a=i  space  between  rolls, 

T-\-(l 

2V=angle  of  nip  and  r=radius  of  roll=i  diameter,  then  — ^7^=Co8ine  N. 

There  are  two  values  of  this  angle  of  nip  which  are  of  special  interest  to  the 
ore-dresser,  namely,  when  it  equals  the  angle  of  friction  and  the  rolls  do  no 
work ;  and  the  practical  angle  of  nip,  at  which  rolls  will  work  satisfactorily.  The 
angle  N  becomes  the  angle  of  friction  when  it  is  of  such  a  value  that  a  sphere 


TABLE  49. — SPACE  BETWEEN  ROLLS  AND  ANGLE  OF  NIP. 
Abbreviations.— I>eg.= degree;  Miii.= minute;  No.=number;  Tr.strommeL 
CLASS  I.  — - 


Feed  Bxb, 
Iti>cbe«. 


l-0(35.*^iiiTnO 
1-0^35.4-0  turn.) 


^a.l-Onim.) 


l-O(3S.'*-0mn)0 
0,OOMJ  nr-0  mm.) 
a;4-o  <tja.5-0  mm  S 
*    "  ""  '-0  mm.J 
0  mm.) 
mm.> 
l-om.4-Omm) 
1^  f85.4r4}  cim.) 
1-0,834(25. 1-1. 53  mj 

I,, 

0^38.1-0  mm 
riffi,4-0mm.) 
:-0  {10. 1-0  mm. J 
Ij^  (88.1-0  mm.) 


Indies^ 


Mn9-I  mm.) 

11(6.85  mm. t 
0,4  (10.8  mm,) 

Cloie. 

(B,  18-4.70  mm; 
,_IS.lS^.?e  mm. 
(IS.  7  mm.) 
(ia.7  mm.) 
(13.7  mm  J 
(SjSmmJ 
(IS.?  mm.) 
(S,18  mm.) 
-3.18  mm.) 
(la.T  mm.) 
(a. 35  mm.) 
(13.7  mm.) 


Stifi  or  Lfmltlng 

TrommeL 
laches. 


>4-94(12.T-19.1  J 
}%  (B1.8  mm,) 


1,) 


D.4S7  (12.4  mm.) 
l.ie(JJOmin,) 
0.167(4.528  ram.) 

0.4:;.Mia  mm.) 
0.^rC{7mm.) 
0.230  (SmmO 
0.8^4(5.70  mm.) 
(}.23J(5.TOmni.> 
O.S]S(Smm.) 
0.96  (25  mm.) 
0.700  (18  mm.) 
0.472 (IS  mm.) 
O.(J3(Ml0mm4 
n.7S7(20mra.) 
0.7S7(!^)mm.' 
0,5^4(5.54  mi 

4  iDi^sb. 

5  mesh. 
A(5f.lImtB4 
fioei  to  No.  9  rolli 
Qoea  to  log  washer. 


Q.) 


Rattoof 


Feed 

to 
Spa43e. 


1.85 


i 

m 


\¥ 


Feed 
toTr. 
Hole. 


i.o 

O.'i 

0.0 
S.1 
fi.4 

6.3 
4.S 

4  fi 
3,1 
S,5 

e.i 

S.£ 

i.e 

i.s 

1.8 
4.S 


1».0 


Tf.Hcde 
toRoU 


O.M 


O.Br 

i.ia 


l.B-^l.S 

l.S-I.S 

0.03 

s.o 

1.4 
S,8 
l-s» 

0f9 
0.46 


AMfleot 
Nip. 


S  CT 

te  so 

IS  17 

11  ir 


17     4S 
It  ^3St 

It  so^isi 

T  10 

IS  ss 

IS  14 

to  44 


3» 


30  til 
14  5! 
IB  60 
14  85 
8*-0 

7    la 


CLASS  n. 

10 

%-U  (19.1-18.7  mm.) 
1  (1^.4  mm.M  mesh. 
0.691-0  (15-0  mm.) 

U  (18.7  mm.) 

C^loee. 

Close. 

H  08.7  mm.) 

1.6 

1.5 

1 

8       9 

12 
17 

2  mesh. 
0.591  (15  mm.) 

15      89 

1.0 

18     69 

18 

lU-0. 141  (88. 1-8.58  mm.) 

M  (6.85  mm.) 
U  (18.7  mm.) 

0.088(8.11  mm.) 

6 

18.0 

0.88 

14      51 

SO 

IjJ-k  (88.1-6.4  mm.) 

8 

0.0 

0.5 

16       5 

94 

fl^.8M  (18.7-10  mm.) 

V2-H(8.5-I«.7mm.) 
U  (18.7  mm.) 

0.876  (7  mm.) 

1^-1 

1.8 

0.55^.88 

6  9-0 

S7 

(a) 

^(15.86  mm.) 
0.680  (16  mm.) 

8 

94 

1.25 

13      16 

88 

m-0.630  (81.75-16  mm.) 
0.815-0.236  (8-6  mm.) 

U  (3.18  mm.) 

10 

9.0 

5.08 

84       5 

99 

Close. 

0.836  (6  mm.) 

1.8 

90      18 

08 

9^-0.108(19.1-8.69  mm.) 

Close. 

0.060  (1.68  mm.) 

18.6 

14      41 

98 

0. 108^0.060  (8.60-1 .53  mm.) 

Close. 

0.058  (1.47  mm.) 
0.058  (1 .47  mm.) 

1.8 

5      ^7 

98 

0. 108-O.O58  (8.59-1 .47  mm.) 

Close.      . 

1.8 

5      17 

(a)  This  is  through  a  Blake  broaker  set  at  1^  inches  (88.1  nmi.)  and  on  a  trommel  with  1^  inchrs. 

CLASS  IIL 


90 

8 

81 

8 

88 

8 

88 

8 

84 

8 

86 

8 

89 

8 

80 

8 

86 

8 

87 

8 

88 

8 

89 

8 

90 

8 

98 

8 

/ 

/ 

1U-0.8S8  (88.1-6.4  mm.) 
1-0.167(85.4-4.85  mm.) 
1-0  (85.4-0  mm.) 
1^-0  (88.1-0  mm.) 
U-0  (18.7-0  mm.) 
1-0.284  (25.4-5.7  mm.) 
0.669-0.815  (17-8  mm.) 
2U-0.964  (63.5-85  mm.) 
lU-0.884  (38.1-5.54  mm.) 
lU  (88.1  mm.)-4  mesh. 
\\l  (88.1  mm.^-8  mesh. 
94-^(10.1-8.11  mm.) 
9^-0(19.1-0  mm.) 
11^.829(38.1-6  mm.) 


^  (6.85  mm.) 
Close, 
aose. 
Close. 

^-A  (6.35-4.76 1 
Hose. 
[  (6^85  mm.) 
tt.) 


(18.7  nun.) 

lose. 
Close. 
Close. 
Close. 
Close. 
^4  (6.85  mm.) 


0.852  (6.4  mm.) 
0.167  (4.25  mm.) 
0.472  (12  mm.) 
0.276  (7  mm.) 
0.876  (7  mm.) 
0.884  (5.7  mm.) 
0.815  (8  mm.) 
0.984  (85  mm.) 
0.884  (5.54  mm.) 
4  mesh. 
3  mesh. 

1(8.11  mm.) 

^6.S5mm.)-90me8h 

1.899  (6  mm.) 


0.1 


8-8H 


9.7 
6 


6.0 
6.0 
9.1 
5.4 
1.8 
4.5 
9.1 
8.6 
6.9 


9.1 
8  . 
6.S 


1.008 


1.1-1.47 


1.96 
9 


0.91 


18  1 

10  67 

14  86 

18  40 
7  91-8  IS 

18  81 

8  9 

99  94 

91  98 

10  16 

18  40 

18  31 

10  15 

18  1 


wLisr 


91 


49, — SPACE  BETWEEN  ROLLS  AND  ANGLE  OF  NIP. — COncluded, 
CLASS  n' 


Bpaoe. 


Sixe  of  Limiting 
Tromra*'!, 


Ratio  of 


Feed 
toTr. 
Hole, 


TfHoIe 
toEoU 
Space. 


Ad  trie  of 


Deg. 


Nip. 


Me.4-LSt  mm.) 
IntBt.) 


*MOC9l«75-]0  mm.) 
4>.]«n»-SHmm.) 
4).  f?S  (45-7  uuxu) 
-a(7u>  mm.) 
.ISe  (»  1-4  mm.) 

.31ft  fM J  ^  mm.) 
.o  1Ufr<&-5  mm,) 
l-«  fC9^6-2ium.) 
;i8.7'4>miti.) 

nm.  J  lo  «uk1. 

ni|(t  Sl-^.Smm.l 

koncn.uismm.) 

Cl.lXl^pn-7  mm.) 


^.{ 


I  mm.) 


Cloae. 
Clo9& 
CIf»«e. 

ClOML. 

ric»sa 

Close. 

GJose- 
(8.17  mm,) 

Close. 

C1060. 

Clow. 

(6.95  Dim,) 
oa©. 

OOM. 

CIo»e. 
Oo«e. 

ClOM, 

Cloae. 

nS.7  mm.) 
(«.36  mm.) 

(4,76  mm.) 

,(1.50  mm.) 

lout. 
Close. 
Close. 
Close. 


J*. 


(12.7  mm.) 


a, 


a 


1    T 


0,  i.v  I  j-  luui.) 
0  iJ7n(7nim.) 
0.276  (T  rum.) 

To  jii^n, 

0.«i3»)a0mm.) 
0,138  iSHti'tn) 

(«)  (rf> 
(6)  (cf» 

in  id) 

096 1^  mm,) 
0.815,0.mS,Kmm.>d 
Q,8)&,P.  19718, 5mm.>d 
0.815^0.  ltr(e^mm.)d 

-     -  ■    :     -rl.) 


O,7S7(l!0mni,) 
0JlH<3rain.} 
OJ  (2.&I  rnm) 
0,n»tamtn.) 
,V(2,n  mtti,) 


1.-1.4- 


0,70 


13.5 


18  21 

IB  57 

la  89 

13  50 

10  6 

14  36 
18  40 

T  21-«  13 

7  SO 

9  ao 

94  G 

11  38 

14  2» 

8  30 

15  1 

6  38 

16  16 
S  16 
A  84 

18  41 

16  31 

19  11 

17  80 

9  40 
16  33 

11  17 

12  48 

7  44 

8  36 
14  86 

4  16 


,0.aMCK^]5.10mm.>. 

loaftl.  U)  0.2,  0.18  (5.0^.  8.30  mm,). 


(ft)  O.I07, 0,008(5,  JiH  mm.).    <c)  0.700,  0  &0U  ai56  (18, 16, 4  mm.).    ((l>TblS 
-  "  (/)  JH.  OeOl  (3S.1, 16  mm.). 


roll«  wiU  just  slip  upon  the  points  of  contact  and  therefore  fail  to  be 

rs  the  spaces  and  the  angles  of  nip  used  by  the  rolls  in  the  mills 
aothor,  the  rojb  being  divided  into  classes  according  to  §  72. 
1j  of' the  figures  given  in  the  table  shows  angles  of  nip  ranging  from 
[up  to  24**  5\  with  an  average  of  about  13"  30',     The  rolls  having  the 
n:  :ly  have  more  favorable  angles  of  nip  than  is  necessary. 

ITin-  „'her  values  are  able  to  work  probably  through  some  favor- 

cm  of  the  minerals  referred  to  below.     Between  these  extremes  there 
standard  angle  of  nip  which  can  be  referred  to  as  safe  for  average 
Practically  the  size  fed  to  the  first  coarse  rolls,  that  is  to  say,  the 
k  breaker,  is  pretty  well  settled  by  the  practice  in  the  mills  to 
mm.)  diameter,  although  this  may  not  be  theoretically  the 
i^r^^  are  then  left  the  two  variables,  namely,  the  diameter  of  the  rolls 
between  them.     Throwing  out  the  larger  values  of  those  rolls 
under  very  favorable  conditions,  we  may  assume  that  the  angle  of 
24  inches  in  diameter  when  set  at  i  inch  apart  and  crushing  IJ-inoh 
jtl^indard  maximum  safe  angle.     And  then  by  making  tables  we  can 
!iat  conditions  the  different  sizes  of  rolle  can  realize  this  angle  and 
rut  under  other  conditions  they  will  differ  from  it.     This  angle  is 
N'  IC5*  12'). 
iM  lw»tween  the  diameter  of  rolls,  the  size  of  feed  and  the 
t1  f  nip  is  l*r,  Tabhs  50  and  51  havp  been 

T  ,    (08,  gives  the  size  of  feed  U\al  yj\\\  g\N^ 
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16*^.     It  shows^  for  example,  that  24-inch  rolls  set  with  ^-inch  space  should  be 
Jed  with  lumps  whose  maximum  size  is  not  larger  than  1.48  inches  in  diameter 
in  order  to  get  an  angle  of  nip  not  larger  than  16**. 

TABLE  60. — SIZES  OP  FEED  WHICH  WILL  GIVE  AN  ANGLE  OP  NIP  OP  16**  ON  DIP- 

FEBENT   BOLLS. 


Diameter 

Space  Between  the  Bolls  in  Indiei. 

of  Bolls  in 
Inobfla. 

H 

% 

H 

^ 

M 

H 

0 

The  Sfae  of  Feed  in  Inches  to  tlie  Bolls  wiU  be 

86 

9.98 

9.10 

1.96 

1.84 

1.71 

1.87 

1.45 

80 

1.00 

1.86 

1.78 

1.60 

1.47 

1.84 

1.91 

96 

1.88 

1.70 

1.66 

1.44 

1.81 

1.17 

1.06 

94 

1.74 

1.61 

1.48 

1.86 

1.99 

1.10 

0.96 

90 

1.68 

1.46 

1.88 

1.90 

1.06 

0.04 

0.80 

16 

1.48 

1.90 

1.16 

1.08 

0.90 

0.77 

0.64 

0 

1.14 

1.01 

0.88 

0.75 

0.69 

0.48 

0.86 

Table  51,  for  the  different  sizes  of  feed  gives  the  spaces  which  will  jrield  an 
angle  of  nip  of  16**.  It  shows,  for  example,  that  24-inch  rolls,  which  are  fed 
with  l|-inch  lumps,  should  have  a  space  as  large  as  0.512  inch  between  the  rolls 
to  get  an  angle  of  nip  of  not  over  16°. 

TABLE  51. — SPACES  WHICH  WILL  GIVE  AN  ANGLE  OP  NIP  OP  16°  ON  DIFPBBENT 

BOLLS. 


Diameter 

of  Bolls  in 

Inches. 

Size  of  Feed  to  Bolls  in  Inches. 

IH 

tH 

1 

H 

H 

H 

3 

96 
94 
90 

16 
9 

.046 
.980 
.439 
.519 
.666 

.088 
.101 
.970 
.494 
.680 
.861 

.081 
.185 
.840 
.618 

.101 
.879 

* ••••« 

.189 



(a)  Where  blank  spaces  are  left  the  angle  of  nip  Is  less  than  16*  with  the  roUs  set  olose  logstlMr. 

As  previously  stated,  the  mill  man  wishes  to  decide  what  reduction  he  can 
make  with  the  rolls  he  has  in  his  mill  and  at  the  same  time  keep  the  angle  of 
nip  within  a  favorable  value.  Table  52  has  been  prepared  to  enable  him  to  make 
this  decision  at  a  glance. 

For  example,  suppose  his  rolls  are  26  inches  in  diameter  (left  column)  ;  if  he 
wishes  to  reduce  his  feed  lumps  to  one-fourth  their  size  (first  line),  then  l^inch 
lumps  (second  line)  will  be  the  largest  size  that  he  can  feed,  which  will  yield  an 
angle  of  nip  below  16**,  namely  16°  7'.  From  this  table  he  will  see,  that  if  his 
rolls  are  24  inches  in  diameter,  he  can  crush  from  1^-inch  feed  to  ^inch  space 
and  still  have  practically  the  favorable  angle,  namely  16**  6';  and  that  Uf  his 
rolls  are  16  inches  diameter,  he  can  crush  from  1-inch  feed  down  to  •(-inch 
space  and  still  be  practically  within  the  favorable  angle,  16®  6'.  The  table 
further  shows  the  amount  of  reduction  the  different  rolls  can  effect  at  one  pas- 
sage of  the  ore;  for  example,  9-inch  rolls  cannot  reduce  l|-inch  lumps  bdow 
If-wch  space  (angle  of  nip=15®  21')  without  overstepping  the  aafe  angle  of 


ROLLS 


n 


iS4-inch  rolls  can  reduce  l^inch  lumps  down  to  J*mch  space  (angle  o{ 

|€*  %*)  and  36-u)ch  rolls  can  reduce  l|-inch  lumps  down  to  JJ-incli  Bpace 

le  of  iiip=:15''  I'j'}  without  overstepping  the  .-afe  angle  of  nip.     The  use 

'  Table  52  for  deciding  questions  of  graded  enighing  it  explained  in  §  99. 

j  The  jtngle  of  nip  may  be  studied  mathematically  as  follows: 

Lei  A'  (86e  Fig.  59)  k*  the  lump  of  ore  to  be  crushed.     The  elementary  force? 

Hng  on  B  are  R  and  T,  which  act  normally  and  tangentially  to  the  roll  respee- 

ILE  5^, — ^AKOLES  OF  NIP  FOR  VABIODS  SIZES  OP  FEED  AND  VAKI0U8  BEDUCTI0N8 

ON    DIFFERENT    ROLLS. 


1 

BeducUoD  or  Ratio  of  FinifOi  Size  to  Size  Fed  (o  the  BoIUi, 

1 

H                         II                         ^                                       H 

t 

Simtm  Fed  to  the  Rolls,  In  Incbii. 

^^ 

m    m 

1 

H 

H       H 

m    m  I    1 

^ 

?a 

H 

m 

m 

I 

Spttfib  tMtwtten  thn  HolUi  ki  Ini-lifS. 

B 

iH  i  n  \  H 

AHA 

H 

H       H       H    \   M 

Vk 

H^ 

A 

H 

Ali^tn.s  of  Nip. 

u^ 

lijll 

li 

II 

ii 

4  4& 

5  11 

6  94 

6    48 

6  SO 

7  5 
9    18 

a 

ii 

II 

11 

1  m  i 

ii 

ii 

ii 

m 
m 

s 

m 

H 

• 

e    «l  7  » 

S    ES,  S     7 

»    »  8    41 
t    »}|  0      1 

10  41  9  m 

11     &S10    6S 
IS    21  111    11 

1 

6  <n 

7  14 

J1 

6   M 

a  M 
la  lie 

5    48 

•1 

7  43 

8  34 
11     IK 

a  «! 
a  41 

S    57 
4      7i 

4  an 

5  £ 
0    40 

It  m 

13    C5 

la  «i 

15    10 
15    so 
n    47 

10  as 
n   89 

VZ    19 
13    48 
18    57 
15    Sft 
90      8 

9    26 

10  18 

11  3 
It     !?0 
19    81 
18    m 
1»    IZ 

0     11 

8  57 

9  80 
9    50 

10    W 
12      9 
15    66 

0    I'J 

7  ao 
r  sa 

8  11 

B  a: 

13    10 

4  45 

5  12 

5  36; 

6  42 

7  7 
9    26 

tS    15 
tl    SB 
15    80 
16.    ft 
17    87 
19    «** 
J5    18 

12  l^j'lU    54 

13  IHin     54 

14  151 12    59 
14    48{t3    15 

16  fJ  14    2H 

17  M  16      6 
S3    16  ai     a 

1 

R«ductk>n 

or  Ratio  of  Finish  She  to  Slae  Fed 

to  tbe  EoIU. 

L 

^                  t                                      M 

1 

■ 

Sizes  Fed  to  th^  Rolls  In  InuheB, 

^Sr 

9«       J4       M 

m 

m    1     1    1    ^4       H       H        IH      H:i    1     1       f4       H 

H 

^^ 

Space  betweeo  the  Rolli  Id  Incbei. 

■ 

M 

I    1  A| 

H 

A 

H       A    1    ^       A    1 

A      A  1  H 

A 

A 

A 

Angle*  of  Nip. 

i«k» 

ii 

Ii 

ii 

ii 

ii 

1 II 1 

ii 

Ii 

Ii 

ii 

1    1 

II 

ii 

ii 

II 

5 

ff  n 
m  ii 
n  u 

us 

14    a 

18  m 

7  m 

8  89 

a    « 

9  S8 

10  94 

11  as 

16    11 

A    27 
ft    43' 
7    SI 

»   la 

10    B» 

H      4 

Ifi    SI 

16  87 

17  5 

18  »7 
90    40 
as    4fl 

19    06 

14  7 

15  7 
15    42 

1^      0 
84    43 

It    »|lO     0 

la  98  11    a 

13    milt    49 
n      4  12     15 

15  ei  la  24 

17      5  14    58 
98    90  19    S5 

8  13 

9  0 
9    80 
9    5.1 

11      2 
19    14 

te    9 

5  50 

6  23 

6  51 

7  8 

7  48 

8  32 
11    83 

15    1£ 

18    3C> 

17  4fl 

18  88 
90      7 
99    80 
38    57 

13    58 

15  14 
1®    19 

16  57 
18    80 
20    89 
98    45 

12  29 

13  SO 

14  87 

15  10 

16  37 
18    SH 
84      9 

10  53 

11  54 

13  4r> 
18    15 

14  sy 

16      4 
81      8 

8  53 

9  43 
to    S5 

10  51 

11  51 
13    18 
17    97 

6     18 
6    54 

8    98 

^liri^lT.     Th^  force  T  will  be  a  certain  part  of  R  depending  upon  the  coefficient 
u     Ag^nming  the  latter  to  be  0.3,*  then  T^O.Z  R, 
i,.ng  each  force  into  vertical  and  horizontal  components  we  get 

e=:R  cosine  N, 
f—R  sine  N, 
<?=0.3  E  cosint  iV. 
rf=0-3  R  sine  N, 
[TIic  forces  e  and  d  simply  compress  the  lump,  Ijeing  equal  and  oppoMte  to  the 

*  Rent,  p.  no.  giT^i  fftone  on  tron  as  0.3  to  0,7. 
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horizontal  components  of  the  forces  exerted  by  the  other  roll.    The  force  / 
tends  to  move  the  lump  up,  while  c  tends  to  force  it  down. 

If  A^=zr)°  and  7?=  100  pounds,  then  f=R  sine  i\^=:8.7  pounds,  and  c=0.3  B 

cosine  iV=29.7  pounds,  and  the  lump  will  go  down.    The  action  of  the  other 

roll  is  to  double  these  forces  /  and  c,  so  that  the  total 

force  acting  upward  is  17.4  pounds  and  the  total  force 

downward  is  59.4  pounds. 

If  A'=:15°  and  5=100  pounds,  then  f=R  sine  N=2h,% 
pounds,  and  c=0.3  R  cosine  JV=28.8  pounds,  and  the 
lump  will  still  go  down. 

If  iV^=16^  30'  and  B=100  pounds,  then  f=R  sine 
iV=28.4  pounds,  and  c=0.3  R  cosine  iV=28.5  ponndft, 
and  the  lump  will  be  almost  in  equilibrium. 

If  iV^=20**  and  JS=100  pounds,  then  f=R  sine  JV= 
34.20  pounds,  c=0.3  R  cosine  i\r=:28.19  pounds,  and  then  the  lump  will  fly  out. 

If  the  coefficient  of  friction  is  larger  than  0.3  then  the  angle  at  which  the 
lump  is  in  equilibrium  will  be  greater.  Thus,  for  a  coefficient  of  friction  of  0.7 
the  angle  becomes  35°.  Practically  the  coefficient  would  probably  never  even 
approach  0.7  in  any  case.  The  results  of  preceding  calcidations  are  arranged  in 
tabular  form  in  Table  63. 

TABLE  53. — VALUE  OF  FORCES  ACTING  AT  DIFFERENT  ANGLES. 


FIG.  69. 
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R. 

/. 

2/. 

c. 

2  c. 

2C.-2/. 

HoUonof 
Lamp. 

Degrees. 

Founds. 

Pounds. 

Pounds. 

Pounds. 

Pounds. 

Pounds. 

^5 

100 

8.7 

17.4 

29.7 

G9.4 

42.0 

Down. 

15 

100 

25.8 

61.6 

28.8 

67.6 

6.0 

Down. 

16H 

100 

28.4 

56.8 

28.5 

67.0 

0.2 

Down. 

20 

100 

84.2 

08.40 

28.19 

66.88 

—12.01 

Up. 

The  different  minerals  vary  greatly  in  their  coefficient  of  friction,  as  follows : 
(1)  Minerals  that  are  tough  and  tenacious,  as  certain  combinations  of  pyrito 
and  siderite,  require  a  narrower  angle  of  nip  than  brittle  minerals  like  calcite, 
barite  and  quartz,  since  with  the  latter  there  is  a  crumbling  of  small  particles 
which  "sandJbe  track."  (2)  Minerals  that  are  slippery,  as  frozen  ore,  graphite, 
anthracite  and  talc  have  a  small  coefficient  of  friction  and  therefore  require  a 
narrow  angle  of  nip,  while  gritty  rocks  like  sandstone  have  a  high  coefficient  and 
can  use  a  wide  angle  of  nip.  (3)  When  rolls  are  fed  wet,  adhering  sand  may 
increase  the  coefficient  of  friction  and  make  a  greater  angle  of  nip  possible  than 
when  the  ore  is  fed  dry  and  there  is  no  adhering  sand. 

Bolls  treat  flat  grains  from  a  given  sieve  more  favorably  than  they  do  the 
cube  or  sphere. 

§  93.  Relation  of  Speed  to  Angle  of  Nip. — Theoretically,  increase  of  speed, 
provided  the  reduction  in  size  is  little  enough,  can  be  made  to  almost  any  extent, 
but  practically,  high  speed  with  much  reduction  will  give  trouble,  owing  to  the 
refusal  of  the  rolls  to  nip  the  lumps.  The  latter  fly  back  until  a  dangerous 
amount  collects  and  then  the  rolls  choke. 

This  may  be  explained  as  follows:  A  lump  of  ore  falling  under  the  influence 
of  gravity  from  heights  of  6,  12,  18  and  24  inches  will  have  flnal  velocities  of 
340,  481,  589,  and  681  feet  per  minute  respectively.  Now  if  the  rolls  are  revolv- 
ing at  900  feet  per  minute  periphery  speed,  then  a  certain  part  of  the  friction 
must  be  used  to  accelerate  the  lump  of  ore  to  this  speed  before  it  will  be  nipped. 
This  amount  will  be  greater  or  less  according  as  the  periphery  speed  of  the  roll 
exceeds  the  velocity  of  the  particle  by  much  or  little.  This  use  of  a  part  of  the 
friction  for  the  purpose  of  accelerating  the  particle  does  not  in  itself  prevent  the 
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irtiHf*  frcmi  Wng  Rnally  nippud  liut  incM-ely  delays  the  nipping.     It  is  thij 

limr  ruvrHtiurj  for  accelerating  the  particle,  which  prevents 

iiuUI  acccloniictj  to  the  j^pcrtl  of  the  rolLs  tlie  particle  is  neccs- 

ppiDg  and  this  slipping  smooths  the  particlo  to  a  certain  extent  wliich 

coei^cient  cif  friction  to  he  reduced  and  therehy  prevents  the  particla 

lig  through- 

her  iliastrate  how  reducing  the  peripliery  speed  raises  the  practical 
I  nf  nip  and  prevents  slipping,  the  author  cites  the  following  experiences  iii 
!ife^'  it  mills: 

Tl  go  k  Aurora  Smelting  and  Refining  Co.,  for  crushing  matte,  uses 

belti^d  riiiis  24X14  inches.     The  feed  lumps  are  1^  to  Ij  inches  in  size  and  the 
itte  eomew  in  two  forms,  weathered  and  ii n weathered ;  the  latter  lias  prohably 
lea^t  four  times  as  many  of  the  large  lumps  in  it  as  has  the  former.     The 
ft<?es  need  arc  i  to  |  inch  for  weathered^,  i  to  |  inch  for  unweathered.     This 
jie*  extremes  for  angle  of  nip  from  M"  h*  to  19"*  22'.     The  matte  will  not  be 
With  less  spaces,  showing  that  this  is  maximum  working  angle  of  nip. 
kundred  and  thirty  revolutions  per  minute  (81 T  feet  periphery  speed)  seenis 
the  best  result.     They  were  formerly  run  at  300  revolutions  (1,885  feet 
tery  speed),  but  they  did  not  bite  as  well  as  at  the  present  ppccd,  and  gave 
!)!e  from  choking. 
In  Mill  20,  No,  1  rolls  crushing  pyrite  with  quartz  and  porphyry,  the  latter 
ore  or  less  weathered,  when  running  at  102  revolutions  per  minute  (640  feet 
speed)  gave  excessive  wear.     When  reduced  to  92  revolutions  (578  feel 
speed),  they  gave  normal  wean     The  excessive  wear  was  undoubtedly 
slipping  of  the  ore  which  took  place  at  102  revolutions,  hut  which 
i  at  1>2  revolutions* 
IJIiii  22,  No.  1  rolls  w^hen  running  at  35  revolutions  per  minute  (275  feet 
Vr}*  speed)  on  galena  and  limestone,  became  glazed;  when  reduced  to  28 
Itions  (220  feet  periphery  speed)  this  difficulty  disappeared*     The  glazing 
ery  likely  due  to  slipping  of  the  ore,  which  ceased  as  soon  as  the  speed  wat 
Mured. 

5  94*  Ratio  of  the  Diambter  of  thk  Hole  in  the  Teommel  to  the  Spaci: 
BrrwHEjr  the  Bolls. — Since  the  w^ider  the  space  the  more  favorable  is  the  angle 
r  the  tendency  to  run  freely  and  avoid  the  making  of  fines, 
urally  wish  to  know  how  wide  a  space  he  can  use  between 
hj5  roiis  and  still  get  a  large  proportion  of  the  crushed  material  to  go  througli 
hi)*  fcreen.  This  ratio  in  Table  40  ranges  from  0.33  to  12,5*  Where  it  is  less 
thin  1,00,  the  rolls  are  either  doing  choke  crushing  (see  §  97),  or  are  not  crushing 
finely  enough  to  put  the  ore  through  the  screen.  In  those  cases  where  it  is  larger 
than  1.5,  the  rolls  are  either  running  with  loose  springs  or  they  are  sending 
their  product  to  a  coarser  screen  than  the  size  for  which  they  are  crushing. 
In  90  great  a  range  of  values  it  is  impossible  to  get  an  average  that  is  worth 
nnUbing.  The  author  is  inclined  to  the  opinion  that  \\  would  be  a  safe  value. 
Fr-r  example,  J-inch  space  between  rolls  would  crush  finely  enough  for  most  of 
roduct  to  pass  through  a  |-inch  hole  in  the  trommel,  because  |  inch  is  \\ 
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This  ratio  may  prove  satisfactory  for  free  crushing,  but  a  much 
?erve  for  choke  crushing.     (See  No*  6  rolls  in  Mill  91,  §  105). 
■  Friction. — By  this  is  meant  the  resistance  to  revolving  due  to 
nn  the  bearing  and  the  shaft.     There  are  several  causes  which 
this. 

the  roll,  shaft  and  gear  or  pulley, 
rom  the  pull  of  the  belt  or  gear. 
....  :rom  cnishing  the  rock,  which  may  include  spring  pressure. 
High  speed  increases  it,  low  dimiaiabes  it. 
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(5)  Lubrication.    Neglect  of  lubrication  increases  it,  attention  diminishes  it. 

The  resultant  of  the  forces  mentioned  will  cause  a  pressure  between  the  journal 
and  the  bearing,  and  the  loss  of  power  due  to  friction  will  increase  as  this  force 
increases. 

In  this  connection  there  are  three  considerations  of  importance  to  the  mill 
man.  (1)  The  lubrication  is  under  his  control  and  should  receive  his  careful 
attention.  (2)  The  spring  pressure  should  never  be  allowed  on  the  roll  journal 
in  coarse  crushing  rolls  imder  free  crushing  conditions,  except  when  necessai; 
to  do  the  crushing  at  the  moment  of  choke  feed  or  when  a  drill  point  or  other 
hard  object  is  passing  through  the  rolls ;  this  he  can  control  by  judicious  use  of 
shims  between  the  boxes  or  of  compression  bolts.  In  fine  crushing  with  choke 
feed  it  is  necessary  to  have  the  full  pressure  of  the  springs  to  do  the  work  except, 
of  course,  when  no  feed  is  coming  to  the  rolls.  (3)  The  area  of  the  journal 
bearing  surface  is  fixeu  by  the  original  design  of  the  rolls.  A  large  journal 
surface  may  not  save  anything  on  the  loss  due  to  friction,  but  it  certainly  will 
save  on  wear,  and  the  life  of  the  babbitt  may  be  lengthened  greatly  by  using 
large  journals.  Table  40  gives  the  practice  in  this  respect.  The  table  is  not  as 
conclusive  as  is  desirable  on  one  point,  namely,  while  it  is  certain  that  all  the 
rolls  using  a  space  are  held  apart  by  shims  or  by  compression  bolts,  it  is  not 
certain  whether  the  rolls  that  are  said  to  be  set  up  close  do  or  do  not  prevent  the 
whole  pressure  of  the  springs  from  acting  on  the  journals.  Bolls  which  have  the 
whole  pressure  of  the  springs  acting  on  the  journals  at  all  times  are  wasting 
power  and  wearing  out  babbitt  faster  than  is  necessarjr.  Table  37  gives  the 
diameters  and  lengths  of  journals  used  in  the  mills  visited,  and  in  a  few  instances 
the  estimated  spring  pressures. 

To  demonstrate  the  importance  of  duly  considering  the  size  of  the  journals, 
the  following  computation  has  been  made :  In  Mill  26,  the  roll,  shaft,  core  and 
shell  weigh  about  5,000  pounds,  and  we  may  assume  from  the  results  given  in 
§  254  that  the  average  normal  pressure  due  to  crushing  is  not  over  5,000  pounds. 
The  resultant  of  5,000  pounds  weight  and  5,000  pounds  crushing  pressure  on 
the  two  journals  is  7,071  pounds.  If  each  journal  is  8X10  inches  or  80  square 
inches  of  projected  area,  the  pressure  on  one  of  the  journals  will  then  be 
7  071 
g^— 5=44  pounds  per  square  inch.    But  when  a  sudden  rush  of  ore  or  a  drill 

point  comes  and  the  rolls  are  sprung  suddenly  apart  we  have  momentarily  actiog 
upon  the  two  journals  a  resultant  amounting  to  50,249  pounds,  due  to  the  whole 
spring  pressure  of  say  50,000  pounds,  and  the  weight  of  5,000  pounds.    This 

yields      '    ^=314  pounds  per  square  inch.    A  4X8-inch  journal,  the  siase  used 

on  some  of  the  rolls,  if  doing  the  same  work  as  above,  would  have  pressure  of 
110  pounds  and  785  pounds  per  square  inch  respectively.  Going  to  the  other 
extreme,  a  9 X  16-inch  journal,  which  is  the  largest  given  in  the  table,  would,  if 
doing  the  same  work,  have  pressures  of  24  pounds  and  174  pounds  per  square 
inch  respectively.  When  we  consider  that  with  rolls  set  close  and  with  shims 
left  out,  the  larger  pressure  is  acting  all  the  time  upon  the  journals  we  see  the 
importance  of  always  using  shims  or  compression  bolts. 

Kent*  says  that  it  is  almost  impossible  to  have  over  200  pounds  constant  pres- 
sure per  square  inch  as  the  box  heats  and  the  oil  squeezes  out.  This  shows  the 
importance  of  using  large  sized  journals.  Vezin  designs  his  rolls,  used  in  Mill 
94,  for  k  maximum  pressure  when  the  whole  spring  force  is  on,  as  when  a  ham- 
mer head  is  passing  through,  of  264  to  533  pounds  per  square  inch  of  projected 
area.    He  does  not  expect  a  pair  of  27  X  14-inch  rolls  to  nave  more  than  300  or 

•Kent,  ••Mech.  Bng.  Ricketbook,**  pu  9ML 
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Ten  when  tlomg  choke  crushing  on  very  hard  rork.     This  amounts 

*f  fiO  Inns  between  the  rolls.     Argall  usee  only  20  tons  pressure  on 

size.     There  is  a  decided  tendency  toward  the  U8e  of  larger 

Iron  Works  has  succeeded  by  lengthening  the  Journals  of  rolls,  in 
..     ,^    .jc  life  of  the  babbitt  from  30  days  to  9  months.     Their  tubular  self- 
_  boxes  make  this  possible.     The  ordinary  rigid  boxes,  however,  if  length- 
Would  ht  liable  to  heiit  more  and  have  their  babbitt  cut  faster  owing  to  the 
frare  of  the  shaft,  unless  the  diameter  of  the  shaft  is  increased  at  the  same  time. 
It  b  hardly  necessary  to  add  further  that  it  is  important  to  have  the  journals 
U  protected  from  dust  and  to  keep  thera  well  oiled, 

PoiTBE, — Power  Ufed  by  rolls  may  be  divided  into  two  parts,  that  used 
fihiDgy  and  that  used  up  in  friction.  The  former  depends  upon  the  hard- 
oeas  of  the  rock,  the  amount  of  ore  fed,  the  specific  gravity,  and  the  amount  of 
l^uetion.  The  latter  includes  journal  friction  and  friction  of  the  gears  when 
and.  An  approximate  idea  of  the  power  required  is  given  in  Table  54.  For  the 
eapacitiee  of  these  rolls  see  Table  34. 


TABLE 

54.— POWER  FOR  ROLLS. 
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,  except  tboie  of  Mill  86;  wliioh  were  measured  hf  ittdicatinip  tit&  en^oe. 


The  manufacturers  use  certain  estimated  values  for  the  power  required  by  rolls 
when  planning  the  engines  for  mills.  For  example,  the  Colorado  Iron  Works 
illaw  12  horse  power  for  their  27 X  14-inch  rolls  and  8  hor&e  power  for  their 
^X|2-lnch  rolls  when  crushing  medium  hard  ore.  Fraser  &  Chalmers  make 
illavancfT  for  rolls  as  given  in  Table  55.  They  are  probably  correct  for  a 
moderate  spring  pressure  only. 

TABLS  55. — POWER  FOR  PHASER  4fc  CHALMERS  ROLLa 


else  of  RD«f . 
IiiclM. 

Horse  Power 
Allowed, 

Size  of  Rolls. 
Inchee. 

Horse  Power 
Allowed. 

8lE« 

18x18 
16x10 
,  tSzlO 
80x10 
88x10 

£6x10 
24x14 
95x15 

a(feia 

80x14 
80x10 

LiMard  to  the  belts  and  pulleys,  however,  rolls  are  furnished  with  sizes  which, 
rding  to  Nagle's  formula,*  can  safely  transmit  two  to  four  times  the  power 
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named.  This  excessive  width  of  belt  and  pulley  are  to  provide  for  the  increase 
of  power  demanded  by  a  moment  of  choke  feed,  a  drill  point  or  other  hard 
object.  With  two  pairs  of  rolls,  one  of  which  is  doing  coarse  crushing  and  the 
other  fine,  the  former  running  at  one-half  the  speed  of  the  latter,  the  leverage 
of  the  belt  over  the  resistance  to  crushing  nnist  be  twice  as  great  in  the  former 
as  in  the  latter,  the  power  used  being  the  same  for  both.  This  may  be  obtained 
by  doubling  the  width  of  the  belt,  by  doubling  the  diameter  of  the  pulley  or  by 
putting  in  gears. 

For  elaborate  results  of  tests  for  power  used  by  rolls  see  Von  Beytt's  work  in 
Table  177  and  §  251. 

§  97.  Quality  of  Crushing  by  Kolls. — This  depends  to  a  considerable  ex- 
tent upon  the  way  that  rolls  are  run.  Bolls,  when  run  slowly  upon  a  given 
quantity  of  ore,  may  be  so  crowded  that  the  fine  particles  cannot  tumble  away 
from  the  coarse  as  soon  as  sufficiently  broken.  In  consequence,  such  fine  particles 
may  be  subjected  to  still  further  crushing  due  to  the  action  of  the  particles  one 
upon  another.  This  condition  will  be  called  "choke"  crushing.  If  now  the 
speed  of  the  rolls  be  gradually  increased,  the  percentage  of  fines  will  gradually 
decrease  until  a  speed  is  reached  at  which  the  particles  are  treated  individually, 
and  there  is  plenty  of  room  for  the  crushed  fine  ore  to  drop  away  from  the  coarser 
part  under  the  acceleration  of  gravity  and  so  escape  further  fine  crushing.  This 
condition  will  be  called  "free"  crushing,  and  it  is  the  condition  under  which  the 
maximum  coarse  and  minimum  fine  material  will  be  made.  Further  increase  of 
speed  beyond  this  point  gains  nothing.  In  fact,  it  may  cause  the  percentage  of 
fines  to  rise  again,  since  a  given  lump  is  crushed  in  a  shorter  period  of  time  and 
hence  shattered  more. 

The  speed  at  which  "free"  crushing  begins  depends  mainly  upon  two  things: 
(1)  The  rate  at  which  the  ore  is  fed  to  the  rolls ;  for  example,  the  faster  it  is  fed 
the  higher  the  speed  at  which  "free**  crushing  begins.  (2)  The  amount  of  re- 
duction in  diameter  of  the  grains  by  one  passage  through  the  rolls;  for  example, 
to  do  "free"  crushing,  rolls  will  have  to  run  faster  when  crushing  1^  inch  lumps 
to  i  inch  than  when  crushing  the  same  to  J  inch  with  like  rate  of  feed. 

Rolls  acting  under  "free"  crushing  conditions  stand  pre-eminently  at  the  head 
of  the  list  among  crushers  for  producing  a  large  proportion  of  coarser  sizes  with 
a  small  proportion  of  fines.  "Free"  crushing,  when  practicable,  is  the  more 
advantageous  of  the  two  methods.  It  cannot  be  used,  however,  for  crushing  very 
fine,  on  account  of  the  impracticability  of  maintaining  space  small  and  the  sur- 
faces true.  For  fine  work  the  feed  must,  therefore,  be  increased  so  as  to  produce 
"choke"  crushing,  and  even  this  will  not  give  a  high  efficiency.  For  example, 
the  author  cites  the  finest  pair  of  rolls  in  a  cyanide  plant  crushing  to  40  mesh. 
These  rolls  are  set  up  so  that  they  do  not  quite  touch  and  when  crushing  they 
stand  from  i  to  f  inch  apart  under  the  full  pressure  of  the  springs.  The  amount 
that  is  returned  to  them,  that  is,  the  oversize  of  a  40-me8h  trommel,  amounts  to 
at  least  66%  and  probably  75%  of  what  comes  to  the  trommel. 

Crushing  with  rolls  set  close  and  springs  at  moderate  tension  is  a  method  often 
adopted  for  crushing  a  little  coarser  than  the  space  between  the  rolls  would  indi- 
cate. The  product,  however,  will  be  uncertain,  for  if  the  rolls  are  fed  faster  it 
will  be  coarser.  Moreover,  constant  working  of  springs  shortens  their  life  and 
increases  wear  of  boxes  in  guides.  Crushing  with  moderate  reduction  tends 
toward  maximum  coarse  grains,  minimum  fines,  and  this  seems  to  be  the  line 
which  deserves  most  attention.  Crushing  with  great  reduction  tends  to  pulver- 
ize and  to  increase  the  proportion  of  fines.  This  question  of  fines  will  appear 
again  under  "Capacity,"  §  98,  and  "Graded  Crushing,"  §  99. 

A  few  examples  of  sizing  tests  of  the  product  of  rolls  are  here  given.    They 
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'  not  of  great  fulue.     The  corniitions  iidcIlt  which  they  were  obtained  are  not 
a,  and  these  conditions  arc  all  importiint  for  the  interpretation  of  the  result 
we  may  have  rolls  crushing  with: 

Small  :  n  OT  large  reduction  of  size. 

!2>  Loose    ,     ^    ^r  tight  springs. 
si  Shims  or  no  ahims. 
4)  Space  or  no  space. 
(6)  Favorable  or  unfavorable  angle  of  nip. 

Gradations  on  all  the  above  five  lines  affect  the  percentages  of  coarse  and  fine 
tmina. 

At  Mill  25j  dolomite  with  disseminated  galena  after  passing  through  a  Blake 
laet  at  If  inches  is  crushed  by  No.  1  roDs  which  are  30  inches  diameter, 
inches  face,  set  close,  making  8^  revolutions  per  minute  and  therefore  doing 
ke         '     itr.     The  product  yields:  Through  15.88  on  9.53  mm,,  7%  ;  through 
9M  i  ,  12.6%  ;  through  6  on  4  mm.,  15.1%  ;  through  4  on  3  mm.,  14.6%  ; 

through  S  mm.,  50.7% ;  total,  100.0%. 
No.  4  rolls  of  Mill  30  are  24  inches  diameter,  14  inches  face,  make  48  revolu- 
^ns  per  minute,  are  set  close  and  treat  30  tons  per  24  hours  of  ore  containing 
irtzJte,  siderite,  galena,  etc.,  (fine  jig  middlings).  The  feed  has  all  been 
tKrouffa  8  mm.  and  the  product  goes  to  a  5-nim.  trommel,  the  oversize  being  re- 
toiBM*     Sizing  testa  of  the  feed  and  product  yielded : 


riBed, 

Product. 

ftMB^  8  mm.  OQ  7mm..,,...,,,*. 

*•         ?  mm.  on  6mm ..,,.,,.. 

■*         6  mm,  OD   3mm ..,, 

**        8  f&m.  OD  8me«h.*,.. * 

••         8  mtifth  OD  10  mmli     ...............t 

P^rOfrnt. 

o.&ao 

89.794 
44  47B 
8.484 
9.979 
8.988 
S.881 
0.280 

ojari 

Per  Cent. 
0.666      ' 
]8.8»0 
3M.7«4 

e,W38 
14.311 
15.^1 

8.778 

&.878 

8.5ia 

89T1 

100.000 

••       lOnKsliODiemeflh , 

•*       lftmethoo90meiih........,.o.«.... 

••       S»tntt]ioiiS4mMh , «... 

-       14meibona0me8h ,•, 

•*       8Omasli0a4OmMli 

••       4iDimih..r..i.i 

100.000 

rjl  tixixig  test  was  made  on  Newfonndland  chromite  in  a  serpentine  gangue 
it  had  been  crushed  through  a  SO-mesh  screen  by  successive  passes  through 
loUa  at  the  Massachusetts  Institute  of  Technology.  The  rolls  were  9X9  inches, 
mn  at  60  retohitions  per  minute,  set  cloge^  crushing  material  from  a  breaker 


all  below 
througli 
00  50  m 


J   inch  in  diameter.     The  product  yielded:  On  20  mei^h,*  0.41%; 

"■'         h,  20.55%;  through  30  on  40  mesh,  14.84%;  through  40 

,  through  50  on  t>0  mesh,  9,87% ;  through  60  on  80  mesh, 

igh  80  on  too  mesh,  10.03%;  through  100  on  120  ntesh,  3,59 7o  ; 

m  110  mesh,  4J)8%  ;  through  140  mesh,  15.257^? ;  total,  100.0G%. 

Coxheath  ore  containing  chalrnpyrite  in  a  siliceous  gangue  and  assaying  4.44% 

T  waji  aiicd  by  Mr,  R.  G.  Hall,  at  the  Massachusetts  Institute  of  Technology. 

ore  wa^f  passed  through  a  Blake  break<*r,  set  at  1  inch,  then  through  a  Gates 

^  ^  at  i  mch,  and  finally  through  a  pair  of  9 X 9-inch  rolls,  set  close. 

Mow  S  ineali  was  sifted  out  after  each  operation  and  only  the  oversize  was 
farther*    The  final  product  yielded: 


•  r.jr  acUuil  aiffes  of  )»*),-«  In  th^se  ncn^DB,  wet*  Tubl©  898. 
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Weight. 

Amunin 
Copper. 

Throug^h  8  mi^sh  on  4  ni6Bh  (a) 

PerOent. 
41.47 
10.00 
81.80 
7.00 
8.87 
1.87 
15.18 

PerOent 
8.4S 
4.86 
4.48 
4.64 
4.61 
4.70 
7.16 

'*         4  mesh  on  5  mesh 

**         5  mesh  on   8  mesh 

••         8  mesh  on  10  mesh 

"        10  mesh  on  14  mesh 

••       14  mesh  on  18  mesh 

••       18  mesh 

.    100.09 

(a)  For  actual  size  of  holes  in  these  screens^  see  Table  868. 

With  the  same  ore^  middlings  and  tailings  of  jigs  between  3  and  8  mesh  and 
assaying  2.8%  copper  were  crushed  by  successive  passes  to  go  through  an  S-meah 
sieve.     The  product  yielded : 


Weight 

Copper. 

Through  8  on  10  mesh  (o) 

PerOent 
27.8 
88.8 
18.0 
86.1 

PerOent 
8.8 
8.6 
8.6 
8.4 

*•    "  10  on  14  me^h. .'. 

"        14  on  18  mesh 

"       18  mesh 

100.1 

(a)  For  actual  sixes  of  holes  in  these  screens,  see  Table  868. 

Sahlin^^  reports  that  Port  Henry  magnetite  ore  crushed  by  breakers  and  rolls 
to  pass  through  a  10-mesh  (0.075  inch)  screen  yielded:  Through  10  on  16 
mesh,  31%;  through  16  on  24  mesh,  21%;  through  24  on  40  mesh,  7.9%; 
through  40  on  60  mesh,  17.5% ;  through  60  mesh,  20.9% ;  loss,  1.7% ;  total, 
100.0%. 

Krom^®  says  that  when  crushing  Port  Henry  magnetite  ore  through  10  mesh 
only  3J%  of  the  product  would  pass  through  100  mesh,  and  when  crushing 
through  16  mesh  only  6J%  would  pass  100  mesh. 

At  the  Geddes  &  Bertrand  mill,  Nevada,  Krom  rolls  crushing  silver  ore  yielded: 
On  0.8  mm.,  22% ;  through  0.8  on  0.7  mm.,  5% ;  through  0.7  on  0.6  mm.,  6%; 
through  0.6  on  0.5  mm.,  5% ;  through  0.5  on  0.4  mm.,  8% ;  through  0.4  on  0.3 
mm.,  7%;  through  0.3  on  0.2  mm.,  9%;  through  0.2  on  0.1  mm.,  11%; 
through  0.1  mm.,  27%  ;  total,  100%.  In  previous  tests  there  has  been  no  special 
ratio  for  the  sizes  of  sieves  used.  In  this  it  will  be  noticed  that  the  sieve  scale 
has  an  arithmetical  ratio. 

Mr.  C.  W.  Goodale'®  gives  the  following  sizing  tests  on  Butte  ore  which  had 
passed  through  a  Blake  breaker,  rolls  and  limiting  screen.  The  sieve  scale  in 
this  test  has  a  geometrical  ratio  of  1.4. 


Tbroagh4    on  8.8  mm. 

**  8.8  on  8      mm, 

**  8    on  1.4  mm. 

**  1.4  on  1      mm, 

**  1     on  0.6  mm, 

**  0.6  on  0.16  nun, 

••       0.16mm 


Weight. 


Ounoes 

PerOmt 

PerToa. 

9.08 

18.7 

84.70 

14.8 

16.81 

18.9 

11.70 

14.1 

.7.48 

18.8 

11.44 

17.6 

9.60 

88.6 

100.00 
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For  further  elaborate  sizing  tests  of  the  product  of  rolls  under  different  condi- 
tions, see  Table  178. 

§  98.  CAPAtJiTT  OR  Quantity  Crushed  by  Bolls. — ^The  capacity  or  the  quan- 
titjr  croBbed  by  toUb  is  the  number  of  tons  that  can  be  crnshea  from  a  given  siie 


through  a  certain  size  of  hole  in  a  given  time.     In  free  crushing,  pro- 
the  spring  is  sufficiently  stiff  to  hold  the  rolls  to  their  work,  provided  also 
it  the  angle  of  nip  is  favorable,  the  capacity  is  dependent  upon  the  speed,  the 
idth  of  face  and  the  space  or  distance  the  rolls  are  set  apart ;  also  perhaps  to  a 
"*  jhi  extent  in  slow  moving  rolls  upon  whether  or  not  water  is  fed  to  aid  the 
"  irgt>  of  the  crushed  material ;  where  the  capacity  is  given  in  tons  the  specific 
of  the  ore  will  also  affect  it.     In  choke  crushing  the  capacity  depends 
-  given  ahove  and  upon  the  pressure.     The  greater  the  pressure, 
gf  't*  the  reduction  in  size;  for  exuniple,  in  Mill  91  the  pressure 

U|if>n  tije  No.  ti  rolls  is  governed  by  periodical  sizing  tests  of  the  crushed  ore. 
it  the  ioU«  are  making  too  much  oversize  more  pressure  is  put  on.  The  eapaci- 
tkt  of  rolk  in  the  mills  are  given  in  Table  34. 

To  illustrate  the  capacity  of  rolls,  let  the  reader  imagine  that  the  rolls  are 
lUng  out  dough  in  the  form  of  a  long  ribbon.     It  is  clear  that  if  the  rolls  are 
Jed  to  twice  the  rate,  the  ribbon  delivered  per  minute  will  be  twice  as  long; 
in  if  the  faces  of  the  rolls  are  twice  as  wide,  the  ribbon  will  also  be  twice  as 
5de;  and,  finally,  if  the  rolls  are  set  twice  as  far  apart,  the  ribbon  will  he 
fic^  as  thick.     Either  of  the  changes  will  have  increased  the  quantity  of  dough 
Bt  through  to  twice  the  amount.     In  dealing  with  ore,  however,  we  have  a  non- 
*tic  material,  the  volume  of  mixed  coarse  and  fine  broken  ore  being  about  one 
id  ihire-fourth  times  tlie  vohime  of  the  same  weight  of  solid  ore.     In  other 
ards,  a  given  volume  of  broken  ore  weighs  only  about  57%  of  what  it  would 
if  it  were  solid.     From  this  it  follows  that  the  maximum  which  can  be  obtained 
'  only  about  57%  of  the  theoretical  solid  ribbon  which  would  be 
ie  ore  were  plastic.     The  compression  of  the  ore  by  the  rolls  would 
lij  tuk^  this  iigure  somewhat,  hut  on  the  other  baiul  the  impossibility  of 
ling  an  exactly  uniform  rate  of  feed  which  would  correspond  to  the  maxi- 
[rihbon  would  tend  to  lower  it.     It  will  be  of  interest  to  note  how  near  the 
ritii?§  and  mill  men  approach  this  figure. 
'  SluU'*  quotes  Pemolet  as  saying  this  factor  should  be  20  to  25%  of  the  full 
Stutz  himself  says  that  his  experience  has  been  that  33%  is  the  proper 
DF.     Table  56  shows  the  practice  as  calculated  by  the  author  from  the  mills 
^iriated. 

TABLE   56. — ^THEORETICAL   AND  ACTUAL   CRUSHING  HIBBONS. 
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102  ORE  DRESSING,  f  98 

In  preparing  this  table  the  rule  used  for  space  rolls  is: 

/X  100X2,000 

1,440X0.036089X3.6  ^     .x^  i    -i^v       •      m 

-^— 1 ; =  Der  cent,  actual  nbbon  is  of 

ZXrXdXrXl^  ^  w-tuox       uuvxi 

theoretical,  where 

i=ton8  treated  in  24  hours. 
100=factor  to  change  to  per  cent. 
2,000=number  of  pounds  in  a  ton. 
l,440^number  of  minutes  in  a  day. 
0.036089=weight  in  pounds  of  a  cubic  inch  of  water. 
3.5=:assumed  specific  gravity  of  ore. 
Z=length  of  rolls  in  inches. 
»=ratio  of  diameter  to  circumference=3.1416. 
d=diameter  of  rolls  in  inches. 
r=:revolutions  per  minute. 
«=the  space  the  rolls  were  set  apart  in  inches. 
iX''4rXrfXrXs=cubic  inches  in  calculated  ribbon. 

^  ^^/>v  /x  ^»^^^^    »  ^  =cubic  inches  in  actual  ore  ribbon. 
1,440X0.036089X3.5 

In  making  the  computation  for  rolls  set  close,  the  diameter  of  the  holes  of  the 
limiting  trommel  was  substituted  for  the  space  8,  for  since  the  theoretical  value 
of  8  was  zero,  no  ore  could  go  through  the  rolls  until  they  were  sprung  apart 
The  diameter  of  the  hole  in  the  trommel  seems  a  natural  figure  to  use.  The 
great  variation  shown  in  the  table  is  due  to  the  fact  that  practice  has  not  been 
guided  by  a  uniform  rule  in  this  matter.  An  inconsistency  occurs  in  Mill  32,  roll 
No.  1,  which,  if  the  quantity  quoted  by  the  author  is  not  set  too  high,  could  only 
exist  with  loose  springs  and  the  rolls  sprung  apart  most  of  the  time.  It  is  prob- 
able also  that  other  rolls  are  run  with  loose  springs,  in  which  ease  the  percent- 
ages quoted  for  them  would  be  high.  The  spaces  given  are  supposed  in  every 
case  to  be  the  beginning  set,  which  wears  to  a  little  larger  before  the  rolls  are  set 
up  again.  This  also  would  make  the  percentage  in  the  table  high.  The  tons 
per  24  hours  used  in  the  table  are  everywhere  the  estimated  work  actually  done, 
not  the  amount  that  in  the  opinion  of  the  mill  owners  could  be  done.  The  rolb 
are  thought  by  their  owners,  in  nearly  all  cases,  to  be  worked  somewhat  below 
their  capacity.     This  would  tend  to  make  the  percentage  in  the  table  low. 

For  24X  14-inch  rolls  revolving  75  times  per  minute,  crushing  l^-inch  lumps, 
set  at  i  inch,  Fraser  &  Chalmers  estimate  the  capacity  to  be  240  tons  in  24  hours. 
This  gives  an  actual  ribbon  which  is  6.7%  of  the  theoretical. 

In  regard  to  the  capacity  of  rolls,  the  feeding  is  all  important,  an  even  feeder 
apportioning  the  ore  evenly  to  the  roll  surfaces,  an  uneven  feeder  overcrowding 
the  rolls  at  one  moment  and  allowing  them  to  be  idle  the  next. 

In  order  that  fine  rolls  may  have  even  a  moderate  capacity  when  under  free 
crushing  conditions  high  speed  is  necessary.  This  is  clear  from  the  ribbon  theory 
which  shows  that  capacity  is  proportional  to  the  space  at  which  rolls  are  set.  In 
practice,  however,  fine  rolls  are  apt  to  be  run  on  the  choke  crushing  basis  with 
the  space  widened  by  the  thickened  ribbon  of  ore,  and  in  this  way  the  demand 
for  high  speed  is  somewhat  lessened. 

When  the  reduction  is  not  too  great  and  the  angle  of  nip  is  advantageous,  a 
soft  granular  mineral  should  have  no  advantage  in  capacity  over  a  hard  brittle 
one.  But,  on  the  other  hand,  when  the  reduction  is  great  and  the  angle  of  nip 
disadvantageous,  the  hard,  'brittle  mineral  will  jump  into  the  air  after  the  first 
contact  ana  waste  time^  while  the  soft  granular  mineral  will  go  through  in  spite 
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the  f ftct  that  the  rolls  seem  to  be  working  at  a  disadvantage*     The  granular , 
^im^r^l  tii^timDv  lirpnk?  easier  since  its  fracture  ia  generally  the  fracture  of  that' 
ater  nts  the  grains,  while  the  fracture  of  a  compact,  flinty 

Ti  ,  ue  fracture  of  the  whole  mass. 

At  the  dry  crushing  plant  of  the  Metallic  Extraction  Co,,  at  Florence,  Colo.,*'' 
fre  is  a  Blake  breaker,  a  Blake  multiple  jaw  breaker,  and  three  pairs  of  36X 
-inch  KjUa  in  series,  each  making  100  revolutions  per  minute.     The  first  pair 
with  4  to  6*me6h  stuff  containing  also  some  material  coarser  than 
Jsecond  with  G  to  15-niesh  stuff  and  the  third  with  15  to  40-mesh 
iere  are  screens  after  each  pair  of  rolls.     The  ore,  which  is  hard, 
aodemtic  breccia  and  phonolite,  is  crushed  to  40  mesh  at  the  average  rate  of  125 ' 
tons  per  2\  hours.     At  times  they  crushed  160  tons  per  24  hours. 
At  Mill  94,  for  the  arrangement  of  which  see  Chapter  XX.,  the  ore  is  reduced 
r»m  1  inch,  through  20  mesh  at  the  rate  of  75  tons  in  24  hours.     The  plant  is  I 
much  below  its  full  capacity,  however,  and  it  is  estimated  that  it  can  crash 
N)  tons  in  24  hours. 
§91>»  GiiAOED  Crushing, — In  crushing  rock  by  rolls  we  may  either  reduce  it 
one  passage  through  rolls  set  close,  making  the  whole  reduction  ot  this  one 
or  the  rock  may  be  put  through  two  or  more  pairs  of  rolls  in  series  with 
'MlOee  graded  to  suit  the  work,  the  space  in  the  second  finer  than  that  in  the 
finty  tte  third  finer  than  the  second,  and  so  on,  the  fines  being  sifted  out  between 
nAk  t-TwAiln^.     The  former  method  is  called  single-stage  crushing,  the  latter  is 
cmllci'  ;  crushing  or  crueliing  by  stages.     The  effect  upon  the  mck  crushed 

Uduii  Lix-  ^tester  the  number  of  stages  the  less  fines  to  be  lost  in  the  concentra- 
tkiQ  and  jrreater  saving  of  values,  also  capacity  and  economy  of  power. 

Ta'  '     '  "    '       -  how  graded  crushing  may  be  planned.     For  example,  20-inch 
roll*  .  -half  wilJ  crush  IJ-inch  stuff  down  to  J  inch  with  f-inch  space 

aad  aiigii^  of  uip  of  15^  10',  and  KVinch  rolls  following  will  crush  J-inch  stuff 
down  to  I  inch  with  g-inch  space  and  12°  9'  angle  of  nip;  while  30-inch  rolls 
would  be  required  t  bring  l|  inch  down  to  |  inch  at  one  passage  with  f-inch 
">d  15*  21'  angle  of  nip.  Of  these  two  arrangements  the  former  will 
roll  shells  in  better  condition  continuously,  will  have  less  wear  and  tear, 
"  ;  hines,  each  making  a  redueti<m  of  Duo-hnlf,  will  make  much  less 
ichine  crushing  to  one-fourth  the  diameter.  The  first  cost  will 
lessened  by  using  the  two  small  machines  to  replace  the  one 
'  power  will  be  less  for  equal  capacity. 

^  it  appears  that  in  rolls  of  Class  I.  the  maximum  lump  of  the 

I  63.5  to  17  mm.  and  the  maximum  lump  of  the  product  from 

to  tA\  mm. 

CUas  II.,  feed,  38.1  to  2.59  mm. ;  product,  16  to  1.47  mm. 
Ckii  IIL,  feed,  G3.£i  to  12.7  ram.;  product,  25  to  2.11  mm. 


tfTU  f  -<>    it  n  f 


Rt  lib 


38.1  to  2.11  mm. ;  product,  38.1  to  1.52  mm. 
rolls  of  Classes  L  and  11. ,  it  is  clear  that  the  feed  is  largely  of  j 
'         T-i  downward,  while  that  for  rolls  of  Class  III.  is  largely  ' 
,  with  a  few  scattering  lumps  of  the  larger  size  which  ^ 
pped  by  the  ends  of  the  rolls.     To  set  the  rolls  with  an  angle  of  nip  that 
Ue  for  this  product,  one  must  either  suit  the  few  large  lumps  and  slight 
tl!«  greater  quantity  of  smaller  sizes^,  which  will  be  a  waste  of  cinishing  capacity, 
'  the  rolla  to  suit  the  smaller  sizes,  in  which  case  they  will  be  uneuited  to 
one8»     This  latter  plan  can  be  done  where  large  rolls  arc  used.     But 
^  '  jriidcd  cnishing  is  sought  with  the  lower  cost  of  small  rolls, 

1  tlxal  the  fiking  apparatus  should  be  so  arranged  as  to  return 
"iJlasses  I.  ami  II  ,  and  allow  the  rolls  of. 
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Glass  III.  to  have  an  even  product  to  crush ;  in  other  words,  make  esch  roll  clean 
up  its  own  oversize. 

The  great  irregularities  in  these  tables  show  clearly  that  while  an  appreciation 
of  the  advantage  to  be  derived  from  graded  crushing  is  on  the  increase  in  this 
coimtry,  the  mills  have  not  yet  fully  adapted  themselves  to  it.  For  example,  note 
the  rolls  of  Glass  I.,  the  feed  of  which  in  some  cases  contains  lumps  ranging  all 
the  way  from  63.5  mm.  down  to  0  mm.  They  do  not  make  the  rolls  of  Glass  I. 
and  in  some  cases  the  rolls  of  Class  II.  clean  up  the  oversize  of  their  trommels^ 
and  they  feed  much  coarse  and  fine  stuff  mixed  together  to  the  rolls  of  Class  lY. 
or  the  middlings  rolls. 

§  100.  Cost  of  Repairs  on  Rolls  for  Other  than  Wearing  Parts. — The 
figures  obtained  from  the  mills  are  shown  in  Table  57. 

TABLE  57. — repairs  FOR  ROLLS. 


MDlNo. 

RoUNa 

Oott  per  Year. 

OottperToQ. 

o£ts. 

81 

n 

s 

1 
8 
1 
8 

S60 
186 
60 

0.400 

0.378 
0.606 

§  101.  Cost  of  Crushing  by  Rolls. — It  seems  to  the  author  that  100  tons 
per  24  hours  is  a  good  average  of  the  work  done  by  rolls.  This  would  require 
about  10  horse  power.    The  various  items  of  cost  for  these  rolls  are  as  follows: 

Power,  1.30  cents  per  ton* ;  attendance,  1.50  cents  per  tonf  ;  wear  of  roll  shells, 
0.02  to  4.00  cents  per  tonj ;  repairs,  oil,  babbitt,  etc.,  0.37  to  0.60  cents  per  ton§ ; 
total,  3.19  to  7.40  cents  per  ton. 

These  figures  do  not  include  the  cost  of  truing  roll  shells,  as  the  author  has 
no  data  on  this.  Moreover  this  item  is  believed  to  be  unnecessary  where  proper 
material  is  used  for  shells  and  the  rolls  are  properly  run.  These  figures  are  very 
general  and  are  given  more  to  indicate  the  separate  items  to  be  considered  than 
to  give  accurate  figures  on  cost.  Thus  in  Mill  94  it  takes  no  more  men  to  look 
after  eight  pairs  of  rolls  than  after  four  pairs.  Again,  the  specific  gravity  and 
hardness  of  the  ore  treated  will  make  a  great  difference  in  the  power  and  capacity, 
as  shown  in  §  255,  and  consequently  in  the  cost. 

C.  W.  Goodale'®  gives  the  cost  of  crushing  tailings  at  the  Colorado  Concentrator 
as  4.6  cents  per  ton,  which  includes  the  expenses  for  screens  and  elevators  as  well 
as  rolls,  but  does  not  include  power. 

R.  Hunt*  gives  the  cost  of  crushing  by  Cornish  rolls  in  Cornwall.  The  rolls 
are  21  inches  diameter  and  19  inches  face,  make  8  revolutions  per  minute,  and 
crush  40  to  60  mm.  stuff  down  to  0  to  6  mm.  at  the  rate  of  60  tons  per  24  hours. 
The  two  shells  weigh  2,700  pounds  when  new,  1,600  pounds  when  discarded 
and  last  2,000  tons.  The  items  per  ton  were  as  follows:  Roll  shdHs,  1^  pence; 
labor,  2i  pence;  steam  power  (5  horse  power),  5  pence;  wear  and  oil,  1  penny; 
total  cost  per  ton  crushed,  9^  pence=19  cents. 

Special  Forms  of  Bolls. 

Special  forms  of  rolls  have  been  designed  for  both  coarse  and  fine  crashing. 
§  102.  Rolls  with  Sluggers  and  Knobs. — The  No.  1  rolls  of  Mill  91,  shown  in 
Figs.  60,  61,  62a  and  626,  are  6  feet  in  diameter  with  6  feet  face,  with  flat  topped 


•  AnamlnK  the  ooet  of  a  horse  power  to  be  $40  per  year  of  808  days,  of  M  hoan 
Eofir.  Pocketbook,**  p.  790.) 

t  Awmmlnic  that  labor  costs  $8  per  man  per  shift  of  IS  hours,  and  that 
abift       X  Taken  from  T^tble  85  of  roll  shells.      %  Taken  from  Table  67  of  repaliv. 
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doictl  knobfi  a,  2  inches  high  and  2  inches  in  diameter  at  the  top,  cast  upon  the 
sriftoe  in  longitudinal  rows,  eight  knobs  in  a  row.  One  roll  has  also  placed 
diftmetricftUy  opposite  each  other,  two  longitudinal  rows  of  sluggers  h  six  in  each 
TOW,  The«e  are  striking  pieces  4  inches  high  and  they  are  fnistrunis  of  flattened 
pjrtiiitda,  the  upper  bases  of  which  are  6X3  inches,  and  the  lower  are  about 
t^Xd  incbea.     They  are  curved  to  conform  to  the  circle  of  the  roll     These  slug- 

Sn  ind  knobs  are  cast  upon  segments  c  which  are  bolted  to  the  permanent  cores, 
m  segments  are  3 
i&dies  tihick;  tbo%  for 
the  sluggers  are  23 
wide  by  36 
long.  Two  of 
fill  the  length  of 
rolL  The  knob  seg- 
"iBents  are  11  inches 
vide  snd  of  two  lengths, 
8T  and  45  inches  re- 
ipectirely,  which  alter- 
DitBy  and  so  break  joint 
SfVMiiid  the  circle.  The 
ilugger  roll  has  16  knob 
ii«  and  two  slug- 
^  pnts.  The  oth- 
TioTl  has  20  knob 
ita;  all  of  the 
iq^ments  are  of  chilled 
cut  iron.  It  is  esti- 
mated that  the  slugger 
will  wear  for 
tons. 

rolls  are  7  feet 
'ioebes  center  to  cen- 
making    them    10 
apart    between 
ads  of  the  knobs, 
tnebea  apart  be- 
tho      surfaeea. 
make  150  revolu- 
per  minute,  which 
^ibi  to  a  periph- 
_^     "of  2,827  feet 
'mmule.  The  weight 
tbu     two     moving 
h    about    lf>7t- 
I  pcmndft.    The  jour- 
tialf   d   are   SO    inches 
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FIG.   G2a, — SECTION-  OF 
ONE   OF   EDISOX'S   GIANT   ROLLS. 


FIG.  G2b, — FACE  OP 

ROLL    (unrolled), 

SHOWING  SLUGGERS 

AND    KNOBS, 


The 


mil  16  inches  in  diameter  and  made  in  the  form  of  thrust  bearinge. 
are  made  of  horseshoe  hammered  iron, 

pulleys  e  are  place*!  on  both  ends  of  both  roll  shafts.    They  are  6  feet 
diam«*ter  and  24  inches  wide.     They  can  run  loose  on  tlie  roll  shafts, 
'  until  lh»^y  have  overcome  the  friction  of  the  band  brakes  / 
kich  TH  \v\fh    tnnller  ptilleys  ff  3  feet  diameter,  4  inches  face,  keyed 

to  tie  fihaf ti^.      i  ^^   t  id  up  with  springs  h  of  2,500  ponndn  Tcn- 

Tlic»  fri   :  1     .  I  DnimdF,  which  is  the  dv\v\nc[  lot^t!  m'^ow 
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the  roll.  This  force  is  insufficient  to  start  the  rolls;  they,  therefore,  have  to  be 
started  with  a  bar.  The  driving  is  ,by  a  special  design  using  a  tightening  pulley 
which  enables  both  rolls  to  be  driven  by  the  same  belt,  which  is  made  of  six-plj 
rubber;  The  pillow  blocks  are  placed  upon  guides  i  and  are  held  together  bj 
two  powerful  bolts  j  one  above  and  one  below.  The  bolts  have  wooden  7aflhen 
and  lock  nuts  at  each  end ;  the  pillow  blocks  are  held  apart  by  shims. 

The  average  skip  load  in  this  mill  weighs  6^  tons.  This  is  fed  to  the  rolb 
over  a  roller  feeder.  The  rolls  can  take  an  8-ton  lump  of  rock,  but  the  maximum 
lump  that  they  practically  get  weighs  5  tons.  These  are  broken  by  the  blows  of 
the  slugger  plates  to  ^-ton  lumps,  or  2-foot  cubes,  and  these  lumps  are  in  turn 
seized  and  crushed  between  the  knobs.  The  blow  of  the  slugger  is  equivalent 
to  that  which  would  be  given  by  a  weight  equal  to  that  of  the  rolls,  falling  nearly 
40  feet.  The  capacity  when  run  at  150  revolutions  per  minute  is  300  tons  per 
hour,  or  7,200  tons  per  24  hours.  When  running  empty  at  150  revolutions,  they 
consume  50  horse  power.  With  the  feeding  of  every  skip  load,  however,  the 
speed  is  reduced  to  135  revolutions  on  an  average,  and  the  full  transmitting  power 
of  the  four  band  brakes,  or  80  horse  power,  is  called  upon.  This  period  of  re- 
tarding and  accelerating  is  estimated  to  be  about  one-sixth  of  the  time,  making 
the  average  total  power  used  by  the  rolls  when  crushing  300  tons  per  hour,  to 

be  55  horse  power. 
These  x  powers  were 
measured  with  anune- 
tcr  and  voltmeter  on  a 
motor. 

§  103.  Rolls  with 
Knobs.— In  Mill  01, 
the  No.  2  rolls  are  4 
feet  in  diameter  with  5 
feet  face  and  have 
knobs  upon  them  2 
inches  high,  like  those 
of  the  No.  1  rolls,  only 
smaller.  In  fact  the 
whole  mounting  of 
plates  and  connection 
of  power  is  the  same  as 
that  of  No.  1  rolls,  with  the  exception  that  there  are  no  slugger  plates  and  the 
rolls  are  driven  from  one  end  only  by  pulleys  30  inches  in  diameter  and  18  inches 
face.  The  two  rolls,  weighing  9(5,000  pounds,  are  set  7  inches  apart  between  the 
faces,  or  3  inches  between  the  knobs.  The  journals  are  14  inches  in  diameter 
and  30  inches  long.  The  knobs  show  but  little  wear  after  crushing  90,000  tons. 
Their  capacity  is  300  tons  per  hour  crushing  what  has  passed  through  the  No.  1 
rolls.  They  require  38  horse  power  when  crushing,  and  30  horse  power  when 
running  empty. 

§  104.  Corrugated  Bolls. — Mill  91  has  three  such  rolls,  Nos.  3,  4  and  5. 
The  arrangement  of  the  No.  3  rolls  is  shown  in  Fig.  63.  They  are  geared  to 
bring  the  ridge  of  one  roll  opposite  the  groove  of  the  other.  Their  dimensions 
are  given  in  Table  58. 

All  three  sets  of  rolls  have  mechanism  of  design  C  (see  §  87).  In  this  case, 
however,  finger  gears  are  not  used,  but  carefully  cut  gears,  since  the  distance 
between  the  roll  shafts  is  kept  constant.  These  gears  run  in  oil  kept  warm  by 
a  steam  pipe.  The  shells  are  made  in  segments,  of  chilled  cast  iron.  Spaces  of 
about  4i  inches  at  each  end,  with  no  corrugation,  are  cut  down  thinner  to  save 
wearing  the  beads  of  the  bolts  which  hold  the  segments  to  the  cores.    These 
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BOLLS. 

ill  driven  through  split  wobblers  (see  QQ\  Fig.  645),  with  shi^aring 
s  q,  'So,  3  n>llH  has  a  fiy-whed  (see  Fig.  (i3)  G  feet  diameter  with  jt 
bee  wide  and  5  inches  thick.  It  is  connected  through  a  split  wobbler 
I  liiafl  which  receives  the  power.  The  roll  shafts  are  all  of  horseshoe 
I  iron  and  they  all  have  thrust  bearingB*  The  arrangement  of  pillow 
fts>,  shima  and  waiihers  in  No,  3  rolls  is  like  the  rolls  with  sluggers  and 
lo.  4t  mils  has  springs  which  are  not  used,  as  they  rely  upon  the  split 
for  safety.  No.  5  uses  also  springs  for  safet)%  six  on  each  side,  K) 
ig,  made  of  IJ-inch  roujid  i^teel.  They  exert  a  pressure  of  80,000 
No.  3  rolls  18  fed  with  material  which  has  passed  through  No.  2  rolls, 
hiki  passes  No.  3,  and  No.  5  with  what  passes  No.  4. 

TABLE  58. — CORHUOATED  E0LL8. 

.    J.t5:oeiit«r;  Cap.  =  capacity;  Cor.=cornigatlon;  Cros.-cruflhitig^;  Dl»t.=  distance:  Emp.= 
Ili9ws;   H- P-=boni©  powpr;    Ht.=lielpht;  In,  =  incbet;  Mtn.=  minute;  No.  =  Numbcr;  R,  C  — 
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hev^  nifmtloaed  fB  tti«  distance  between  tlie  rfd^  of  one  roU  aad  the  groore  of  the  other. 
a^HMrn  mixfowm  H  inch  deep  and  ^  inch  widQ. 

SB  High  Rolls. —  (See  Figs.  64a  and  64&.)  As  the  name  indi- 
rfiine  consists  of  three  rolls  B,  C,  D,  one  above  the  other.  Mill  9] 
>f  these  rolls,  two  of  No.  6  rolls  and  two  of  No.  7.    One  set  of  No. 
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6  and  one  set  of  No.  7  are  run  at  a  time.  These  rolls  are  36  inches  diameter, 
30  inches  face,  and  are  run  at  90  revolutions  per  minute.  The  shaft  L  of  the 
lower  roll  is  driven  by  beveled  gears  running  in  oil.  These  have  wooden  teeth 
which  do  not  show  any  wear  after  doing  their  share  of  work  on  90,000  tons, 
while  metal  gears  depreciate  18%  in  a  year.  The  power  is  transmitted  to  the 
roll  by  a  split  wobbler  QQ'  and  a  shearing  safety  pin  q.  The  roll  shaft  has  fixed 
babbitted  boxes.  The  upper  two  rolls  are  driven  by  friction  from  the  lower,  and 
have  boxes  that  are  free  to  slide  vertically  in  guides  A,  On  each  end  of  the 
lower  and  upper  roll  shafts  are  loose  sheaves  F,  over  each  of  which  run  seven 
passes  of  ^-inch  wire  rope  with  19  wires  to  the  strand,  made  of  plough  steel.  A 
bight  of  the  rope  passing  over  an  overhead  pulley  J  furnished  with  a  piston 
tightener  K,  driven  by  compressed  air,  supplies  a  pressure  of  125,000  to  150,000 
pounds  to  do  the  crushing.  The  use  of  these  ropes  eliminates  almost  all  fric- 
tion except  that  in  the  journals  of  the  lower  roll,  due  to  the  weight  of  the  three 
rolls  which  amounts  to  20,000  pounds.  The  journals  of  all  these  rolls  are  12 
inches  in  diameter,  18  inches  long,  made  of  horseshoe  hammered  iron  with  thrust 
bearings.  The  boxes  are  tubular,  in  halves,  bolted  together  and  put  into  the 
pillow  blocks,  all  babbitted  with  pure  babbitt. 

The  shells  are  made  of  soft  gray  cast  iron  which  costs  2  cents  per  pound. 
Steel  shells  were  found  to  flow  at  the  ends  2  inches  per  day.  Chilled  iron  shells 
will  not  bite  the  ore.  The  edges  are  beveled  about  45**  for  about  2  inches  from 
the  ends  to  prevent  chipping.  Each  shell  is  a  true  cylinder  outside  and  inside 
and  is  keyed  in  place.  It  weighs  4,500  pounds,  and  is  8  inches  thick  when  new, 
and  wears  down  to  6^  inches  before  being  discarded.  It  has  to  be  trued  every 
three  days.  This  is  done  by  reducing  the  speed  of  the  roll  shaft  to  that  of  a 
lathe,  using  pulley  and  reducing  gears  driven  from  the  other  set  of  rolls.  To 
accomplish  this,  gears  which  mesh  together  are  placed  at  the  ends  of  all  three 
roll  shafts.  When  the  truing  is  done,  the  gear  from  the  middle  shaft  is 
unbolted  and  removed,  while  the  upper  and  lower  gears  are  allowed  to  remain, 
since  they  do  not  interfere  with  the  crushing.  Tungsten  steel  tools  are  used 
for  truing ;  they  work  rapidly  and  keep  their  edges.  The  wear  of  shells  is  0.25 
cents  per  ton  crushed  for  the  No.  6  rolls  and  less  for  the  No.  7. 

To  get  a  speed  that  would  be  slow  enough  for  the  rolls  to  bite  the  ore,  90  revo- 
lutions per  minute  was  decided  upon.  The  ore  is  fed  by  roller  feeder  S  to  the 
upper  apron,  which  conducts  it  horizontally  forward  between  the  upper  and 
middle  rolls  and  the  lower  apron  U  catches  it  and  feeds  it  horizontally  backward 
between  the  middle  and  lower  rolls.  The  rolls  are  set  close  together  until  the 
feed  comes,  which  opens  the  No.  6  rolls  to  l^-inches  apart  and  the  No.  7  to  i 
inch  apart.  The  No.  6  rolls  crush  of  ^  inch  stuflE  from  No.  5  corrugated  rolls", 
300  tons  per  hour  to  pass  a  so-called  14-mesh  ( 0.060 X 0.5-inch  dot)  screen.  The 
oversize  comes  back  at  the  rate  of  200  tons  per  hour,  making  the  amount  handled 
by  these  rolls  to  be  500  tons  per  hour. 

The  No.  7  rolls  treat  material  which  has  been  through  14-mesh  screen  (0.060 
X0.5-inch  slot),  reducing  it  to  -jV-  inch  ( 0.020 X 0.5-inch  slot)  screen  at  the  rate 
of  135  tons  per  hour,  to  which  must  be  added  the  oversize  which  is  returned  to 
the  rolls. 

Each  set  of  rolls  requires  horse  power  as  follows: 


When  Empty. 
Horse  Power. 

When  Ohuhing. 
Horse  Power. 

No.  6  rolls 

10 
10 

900 
160 

No.  7  rolls. 

'>LLS. 


100 


[These  rolls  ire  clAimod  to  have  remarkably  high  cfliciency  ?i«  compared  to  or- 
iry  crufibing  rolls,  owing  to  the  ailmost  complete  eliminjUion  of  journal  fric- 
As  deti  r           '  f'y  the  rij?e  in  tcnipt^mtvire  of  the  ore  passing  through,  they 
V&%  una  efficiency  against  lb  Jo  of  ordinary  rolls. 


pp.   144,  1480.    Deficription  of  Gates  rolla 
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BlUttr^  O.,  (1896),  'Ifecb-  Aufbereitungr/'  Vol  L,  p,  69,  DescriptiOD  of  coarse  and 
flue  rolls  with  power  and  capacity.  Universal  joint  in  the  fixed  roll  sbaft.  De- 
•rripiioD  of  Schwa rzmann*s  rolls. 

CalUm,  3.,  (1886),  **Mining/*  Vol,  lU.,  p.  34.  Comparison  between  rolls  and  stamps. 
Detcription  of  rolls.     Mathematical  conftideration  of  angle  of  nip.     Proper  speed* 

Dttvies,  K  H.,  (1894),  "Hach.  MetaL  Mines,"  p.  225.  Principle.  Uses,  Details. 
PrecAations  in  running-.  Hexagonal  core  oft*n  used  for  attaching  shells.  Detailed 
cost  of  emahing  by  rolls.  Advantages.  Detailed  description,  capacity  and  wear 
of  Krom's  rolls.     Detailed  description  and  capacity  of  (^atcs   rolls. 

Egleatoii,  T„  (1887),  "Metallurgy/^  Vol.  I.,  p.  210,  History.  Description  of  Krom 
r^lls.      Advaotages.     Capacity.      Wear.      Comparison    with    stamps    on    cost    and 

Ital^r^',    ri89«),  '•Metallurgy  Gold," 

with    raff  wheel    and   Krom*s    rolls. 
Eiaeler,  M.,  (1891),  "Metallurgv  Silver,'*  p.  213.     Description  of  Krom's  rolls. 
Foster.  C,  LeN.,   (18H4),  "Ore  and  Stone  Mining/'  p.  553.     Details  of  Cornish  type 
»    with  raff  wheel,  lever  and  weight,  and  hexagonal  cores.     Description  and  capacity 

^1   L'-^„,r^  rolls. 

Sl  G  Haton  de  la,    (1885),  "Exploitation  des  Mines/'  Vol.  11.,  p.   896.    De- 

-..r-.-ii  of  rolls.     Mathematical  discussion  of  angle  of  nip. 
J.  fiaou   *<**    (1884),  "British  Mining/'  p.  721.     Comparison  of  English,  German,  and 
French  types.     Gives  example  showing  dimensions,  speed,  sizes  of  feed  and  product, 
capttcitj,  wear  and  cost  of  crushing.    Siting  tests  and  tables  of  dimensions,  speed, 
aip4icity  and  power, 
Kir^chner.  L..   (1898),  "Erzaufbereitting,**  Part  I.,  p.  50.    Description  of  three  types 

of  rolls  and  arrangement  for  graded  crushing, 
Kunhardt,  W    B.,    (1893),  *'Ore  Dressing/'  d.  21. 
in  milL     Choice  and  management  of  roll  snells. 
rdocity  and  si^es  to  be  u.sed. 
11.  Ijusprecht,  R.,    (1888)  I  *'KohIenaufbereituiig,"  p.  8.    Description  of  rolls   used   for 

emslilnig  coal. 
13*  LiBki'Dbach,  C.    (1887),  '*Aufb«.»rritung  der   Erze/'  p.   ,10.     Principle.     Directions   for 
selecting    and    running.      Description.      Dimensions.      Capacity.      Power.    -  Size    of 
ptoduet.    Wear. 

14.  Louis.  B,,    (1894),  "Gold  Milling,''  p.  244.     Saitability  for  gold  ores.     Description, 

capacity  and  power  for  Krom's  rolls.     Comparisons  with  stamps. 

15.  Pvtars,    E.    D.,   Jr.,    fl8U5),   "Copper   Smelting/'   p.    129.     Essentials   of   good    rolls. 

Directions  for  running  rolls. 

16.  Phillips,  J.  A.,    (1887),  "Metallurgy/*  p.  772.     Description  of  Krom's  rolls. 
Rittiiti^pr,  P.  K.  von,   (1867)^  "Aufbereitungskunde/'  p.  24.     Mathematical  discussion 

of   action.     Discussion   of   dimensions,   capacity,   power   and    wear.     Description   of 

giearc<l  rolls  mounted  on  wooden  frame.     Description  of  usual  type  of  Cornish  rolls 

with  Different  styles  of  gearing  and  of  feeders  are  described.     Arrange* 

wmsL^  Me  rolls  and  for  fine  rolls. 

ihid^^   rir**uK     ErstcT  Nachtrsg/'  p.   1.     Description  of  rolls  with  fluted  surfaces. 
ihid,^  (1873),  "Zweiter  Nachtrag,**  p.  1.    Mathematical  discussion  of  arrangement  of 

rolls. 
Roac«  T,  K.,   (1894)»  "Gold,''  p.  206,     Description  of  Krom's  rolls.     Points  on  select* 

tnir  and  running  rolls.    Capacity.     Wear.     Comparison  between  rolls  and   stamps. 
St«t4>feldt,  C.  A.,    (1S05),  "Ltxiviation,''  pp.  9«  183.     Advantages  and  capacities  of 

rolls  in  crushing  for  leaching, 
JITirklef,   IL,    (1895).  in  "Berg.  u.  HtUtenwcaen  dea  Oberharzes/'  pp,  215-218,     Sizes 

of  feed  and  si£«e  of  rolls  used  in  Germany. 

JX  Am.  im9L  Jftii.  Bng,,  Vol.  VT.,  (1877),  p.  470.    J.  C.  F.  Randolph.    Description  and 

^  cspari*"  -'  -'^**~  -n  Clausthal. 

ihi4^  \  -I),  p-  461.     S.   Stutz.     Mathematical  consideration  of  an^le  of 

••.ft  int    ui   finwpr  of  mils   rnisIiinL'   cn.il 


Work  adapted  for.    Arrangement 
Discussion  of  best  circumferential 
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25.  Ibid.,  Vol.  XIII.,   (1884).  p.  114.     C.  A.  Stetefeldt.     Fipiires  on  capacities  and  costs 

showing  the  advantages  of  Krom*8  rolls  over  stamps  at  Bcrtrand  Mill  in  Russell 
process. 

26.  Ibid.,  Vol.  XIV.,  (1885),  p.  497.     S.  R.  Krom.     Improvements  made  in  Cornish  rolls. 

Advantages  of  Krom's  rolls  over  stamps  both  in  principle  and  in  actual  tests  for 

capacity  and  power. 
27a,  Ibid.,  Vol.  XIX.,  (1890),  p.  414.     E.  B.  Coxe.    Description  of  corrugated  rolls  for  coal 

used  at  Drifton. 
27b,  Ibid.,  Vol.  XXI.,    (1892),  p.  521.    Axel  Sahlin.    Gives  sizing  tests  and  figures  on 

capacity,  power,  and  wear  to  show  the  advantage  of  rolls  over  Sturtevant  mills  for 
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28.  Ibid.,  p.  530.    S.  R.  Krom.     Shows  by  sizing  tests  and  by  figures  on  power  and  wear, 

the  superiority  of  rolls  over  Sturtevant  mill. 

29.  Ibid.,  p.  533.     Discussion  of  two  preceding  articles. 

30.  Ibid.,  Vol.  XXVI.,  (1896),  p.  599.    C.  W.  Goodale.     Comparative  sizing  tests  on  Butte 

ore  crushed  by  steam  stamps  and  by  rolls.  Coniparative  costs  of  rolls  and  Hun- 
tington Mills  for  crushing  middlings.     Costs  of  different  materials  for  roll  shells. 

31.  Ann.  des  Mines,  Series  VI.,  Vol.  XIX.,  (1871),  p.  299.    A.  Henry.    Short  description 

and  discussion  of  the  work  for  which  rolls  are  adapted. 

32.  Berg.  u.  Butt.  Jahrb.,  Vol.  XXVI.,   (1878),  p.  177.    J.  Habermann.    Comparison  of 

stamps  and  rolls  at  Przibram  and  outline  of  works  containing  rolls. 

33.  Ibid.,  Vol.  XXVII.,  (1879),  p.  96.    J.  Habermann.    Rolls  in  a  lead  milL 

34.  Ibid.,  Vol.  XXVIII.,   (1880),  p.  214.    J.  Habermann.    Rolls  in  a  mill  designed  for 

graded  crushing. 

35.  Ibtd.,  Vol.  XXX.,  (1882),  p.  1.    J.  Habermann.    Tests  showing  advantages  of  crush- 

ing by  rolls  over  crushing  by  stamps. 

36.  Ibid.,  p.  14.     J.  Habermann.     Dimensions  of  rolls  at  Przibram.  • 

37.  Ibid.,  Vol.  XXXI.,  (1883),  p.  207.    J.  Habermann.     Comparisons  of  capacity,  power, 

wear,  cost  and  extraction  between  rolls  and  several  grinders. 

38.  Ibid.,  Vol.   XXXIII.,    (1885),   p.    155.     J.   Habermann.     Description   and   dimensions 

of  rolls  at  Raibl.  One  roll  has  flanges  at  the  ends  between  which  the  other  nar- 
rower roll  runs. 

39.  Ibid.,  p.  158.    J.  Habermann.    Dimensions  and  wear  of  shells  made  in  two  sections, 

being  cut  at  right  angles  to  the  axis. 

40.  Ibid.,  Vol.  XXXIV.,   (1886),  p.  125.    J.  Habermann.    Description  of  Przibram  type 

of  rolls,  of  Schwarzmann's  rolls,  of  Neuerberg's  rolls,  and  of  rolls  for  crushing 
coal.     Empirical  rule  for  diameter  of  coal  rolls. 

41.  Berg.  u.  Hiitt.  Zeit.,  Vol.  XXXII.,   (1873),  p.  343.    Abstract  from  E.  d  U.  J.,  Vol. 

XIII.,  pp.  122,  129. 

42.  Ibid.,  Vol.  XXXVIII.,   (1879),  p.  1.    No  author.    Description  of  Thum's  compound 

rolls  in  which  several  rolls  having  axes  in  a  zigzag  plane  of  45^  slope  first  one  way, 
then  the  other. 

43.  Ibid.,  p.  74.     No  author.     Similar  to  Dingler's  Polyt.  Jour.,  Vol.  229,  p.  319. 

44.  Ibid.,  Vol.   XLV.,    (1886),   p.    145.     T.   Egleston.     Capacity   of   Krom's   rolls.     Com- 

parison with  stamps. 

45.  Ibid.,  Vol.  XLVII.,  (1888),  p.  342.    Sizing  test  of  rolls  product  from  K.  Ton  Reytt'i 

article,  Oest.  Zeit.,  Vol.  XXXVI.,  p.  229. 

46.  Ibid.,  Vol.   XLIX.,    (1889),   p.    141.    Luttermann.    Apparatus   for   truing   rolls  at 

Clausthal. 

47.  Bull.  8oc.  Ind.  Min.,  Series  III.,  Vol.  VIII.,    (1894),  p.  627.    C.  Mouchet.    Dimen- 

sions, capacity  and  power  of  rolls  at  Vaucron  mill. 

48.  Coll.  Eng.,  Vol.  XVII.,  (1896),  p.  154.    H.  Van  F.  Furman.     General  article  giving 

brief  description  and  adaptability  for  difiTerent  purposes.  Roger's  rolls  are  de- 
scribed. 

49.  Coll.   Guard.,  Vol.   LXXIV.,    (1897),  p.   885.    Abstract  from  Iron  Age,  VoL  IX, 

October  28,  p.  6. 

50.  Dingler's  Polyt.  Jour.,  Vol.  216,   (1875),  p.  401.    No  author.    Description,  capacity, 

and  quality  of  crushing  by  Schwarzmann's  rolls.  In  this  form  a  revolving  disc 
roll  revolves,  by  friction,  two  rolls  which  are  pressed  against  the  two  faces  of  the 
disc  roll. 

51.  Ibid.,  Vol.  229,  (1878),  p.  319.    No  author.    Describes  Neuerberg's  rolls  which  have 

a  sliding  frame,  a  yoke  and  only  one  spring  instead  of  two. 

52.  Electrical  Rev.,  Vol.  XXVI.,  (1897),  p.  203.    S.  H.  Goddard.    Description  of  Edison's 

special  forms  of  rolls. 

53.  Engineering,  Vol.  LXIV.,  (1897),  p.  579.    No  author.    Description  of  Ediaon'a  special 

forms  of  rolls. 

54.  Eng.  d  Min.  Jour.,  Vol.  XIII.,  (1872),  pp.  122,  129.    G.  W.  Baker.    Krom'a  improve- 

mcDta  in  Corniah  rolls.    Cost    Wear. 


H01L3. 


Ill 


nid.,  Vf*l,  XVTl.,  0^74),  p.  52.      No  author.     Method  uf  cjialiiig  bUel  kcih  in  ua- 

llir««*iie  rutU. 
Omitird, 

iUid.^  VoL    XXXVr.,    11883).   p.    128.     Nr>   autiior.     Gntes   rolla   are   described.     Two 

p«itr<4  «>f  r*'*!!",  one  ahovi"  the  other,  and  a  raff  wheel  sizes  the  product  and  returnd 

t" 
SS.  /^  CV'IIL.   tl8S4)»  p,  57*    No  author.     Description  and  capacity  of  the 

Ocvn    rvMi^.     One  roll   has   ilangve  at  its  ends  between   which   Ihe  other  narrower 

roll  rail*. 
B9,  ih^    '^    t  C      ('   A.  Stetefeldt.     Similar  to  A,  /.  if.  K.,  Vol.  XIIL,  p.  114. 
OO.  il  MX.,    (18«7j),  p.   245.     No  author.    Description  of  rolls  with   flnger 

;j  V   Fort  Scott  Machine  Workn. 

•U  ibid,,  VoL  XU/(lS85h  p.  257.    S.  H.  Krorn,     Extracta  from  A.  /.  if.  E.,  Vol.  XIV.. 

p   4^ 
18,  /^  't5.     No  author.     Description   of   rolla  with   finger   gears   made  by  J.   W. 

O,  Ihifj  ,    \'.i.   XLIXm    (ISftOl.  p.  735.     No  author.     Description  of  Bower's  rolls.    One 

roll  lims  a  concave  surface^  the  other  a  convex. 
64.  l^id.,   Vol.   LIX.,    ri8l>5).   p.   501.     Ko  author.     Description  of  Reliance  belted   rolls 

made   by    E,    P.    AHis   Co. 
€3.  /fc#rf.,  Vol  LX.,   ( 181)5 )»  p,  587.     No  author.     Description  of  Roger's  improved  crush- 

log  rolls* 
18^  ihtd,.  Vol.  LXL,    (IS06),  p.   150.     No  author.     Description  of  Davis  rolls. 

ibid..  Vol.  LXIL.    (l8fl«J),  p.   146.     No  uuthor.     Gives  capacity  of  rolls  at  Florence, 

Colo.,  and  the  effect  c>f  forcing  rolls  t-"*  du  hard  work. 
ihid..    Vol,    LXIIL.    (1897),    p.    480.     No    author.     Description    of    corrugated    rolls 
speeded  differentially  and  having  the  comjgations  of  different  shape  on  the  two  rolls 
ojid   —  '^^"■-  each  other  at  an   angle. 
fiMl.  '  Vol.  CVIIL.    ns^*2|.  p.   07.     A.  H.  Curtis.     Description,  dinienaions, 

c^i  ,     \€T,  wear,  advanUgos  and  adaptability  of  Kronfa   rolls.     Comparison 

rnps.     Advantage*  of  graded  crushing. 
/n  Kng.,    (1873),  p.   119.     H,  T.    Ferguson.     Description  and  dimensions  of 

r&iU  in  Cornwall  using  lever  and  weight. 
ir&n^  Vol.  VI..    (1875).   p.  8.     No  author.     Description   of  Milburn's  crusher,  which 
COfjaista  of  two  hquore  shafts  acting  aa  rolls  above  and  a  pair  of  toothed  rolls  below. 
md..   Vol.   XXI,.    (1883)»  p.   55.     No   nuthor.     Description   of   the   Odell    roller    mill 

vkidi  lu&s  special  arrangementa   for   fine  grinding. 
ibid..  Vol.   XXXVL.    (181*0),  p.    178.    No  author.     Description  of  Krom   rolls   and 

fiiH'at>txj<TP5  over  stamps. 
ir  Vol.  LX.,   (1807),  October  28.  p. 

ii»nns  of  rolls. 

(1897),  p.   477. 


6, 


p.  75. 


No  author.     Description  of  Edison'a 

F.  Toldt     Composition  and  casting  of 

Description  of  Edison's  special  forms  of 


L.  Janin,  Jr.     Advantages  of  dry  crushing  by 


|#^«*  «)nfi   t'oal   Trade  Hcv,, 

diilted  iron  shells. 
Mt€lure9  Mag,,  (November,  1897), 

retlft. 
Sf'       '    '     Vol.   L.    (1892K  p.   253. 

t^yanide  process. 
ft.^  .    V',   (1896),  p.  2iV3.     J.  E.  Roth  well.     Directions  for  care  and  adjustment 

of  rolls  for  fine  crusning  for  chlorination. 
Min    Jour.,  Vol.   XLl.,    (1871),  p.   27C,     J.   Dflrlington.     General  article  giving  de- 

dimpnsi<»ns,  capacity*  power,  wear  and  cost. 
1/  <  >..   t*re89.   Vol.   LX.,  *(180O),   p.    220,     No  author.     Description   of   Eckart 

btlUw!  M»ll§  made  hv  Cnion  Iron  Works. 
ibid..  Vol  LVlir.,  (1894).  p.  49.    .No  author.     Description  of  Wall's  finger  gear  rolla. 

Tlvivc  have  intcrmeshtng  corrugatinna  on  the  ssurfaces  of  the  shells. 
ibid^p  Vol  LXXIV.,    (1897).  p.  433.     No  author.     Description  of  Roger's  rolls, 
fhi^     r^    jr»H,      No  author.     Description  of  Edison's  Bpecial  forms  of  rolls, 
A  hint,   itm,   d   Sfcrh.   Eng„   Vol.    XLllL.    (1893  4),   pp.   346,   348.     A.   O. 

i  Coinpariflon    with    Sturtevant    mill    and    with    stamps    with    regard    to 

f    ir    ij  !'-  of  action,  capacity,  cost,  wear,  quality  of  work,  applicability  to  different 


AMa  , 


1      (1879) 
n. 


rolls. 

ibid,.  Vol.  XXXI..  rt883),  p.  ai. 

mt  ol  doniile  rolls  at  Pntibrain 


p.  234.    J.  Habermann.     Descripttoii  of  conical  roll 

W.  R.  Schflrmann.    Improyements  in  crushing 

J.  Habermann.    Description^  capacityt  power  and 
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88.  Ihid.y  Vol.  XXXVI.,  (1881),  p.  229  et  aeq.    K.  von  Reytt    E1al>orate  article  show- 

in^  relations  between  power  used  and  the  quality  of  the  product  in  crushing  by 
rolls  and  other  machines. 

89.  Ibid,,  p.  456.    C.  Barth.    Comparison  of  Krom's  rolls  with  stamps. 

90.  Ihid.,  Vol.  XLV.,   (1897),  p.  381.    Abstract  from  Iron  d  Coal  Trade  Bev,,  1897,  p. 

477. 

91.  Prod.  Gold  d  Silver  in  U.  8.,    (1883),  p.   738.    C.  A.   Stetefeldt    Ck>mpari8on  of 

stamps  and  Krom's  rolls  with  respect  to  cost  of  erection,  and  wear  and  tear. 

92.  Raymond* 8  Rep,,  (1876),  p.  419.     S.  R.  Krom.     Improvements  made  in  Cornish  rolls. 

Comparison  with  stamps.     Figures  for  wear. 

93.  Second  Geol.  Survey  Pa.,   (1883),  Vol.  AC,  p.  466.    H.  M.  Chance.    Description  of 

spiked  rolls  used  for  coal. 

94.  Thon-Ind.  Zeit.,  Vol.  XV.,   (1891),  p.  83.    A.  von  Pein.    Description  of  rolls  which 

use  no  springs,  but  have  tension  rods  constructed  as  breaking  pieces  in  case  the 
pressure  becomes  too  g^eat. 

95.  Ihtd.,  Vol.  XVIII.,   (1894),  p.  628.    Mr.  Hotop.    Description  of  an  oscillating  ram 

used  to  push  clay  into  rolls  to  hasten  the  crushing. 

96.  Ihid.y  Vol.  XIX.,   (1895),  p.  622.    No  author.    Description  of  finger-geared  rolls  in 
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97.  Zeit,  Berg,  Butt,  u,  Salinenwesen,  Vol.  XXVI.,    (1878),  p.  133.    E.  Althans.    His- 

torical review  of  development.    Description  and  dimensions  of  Ejrom'a  rolls  and  of 
coal  rolls. 

98.  Zeit.  Ver.  Deut.  Ing.,  Vol.  XXV.,  p.  271. 


'OS,  Stamps — Their  Principle,  Purpose  and  Classification. — Stamps 
Tobably  the  oldest  devices  for  fine  crushing  preparatory  to  concentration. 
are  used  both  with  and  without  water,  but  c'fiiefly  with  water  when  crushing 
^rfparator;  to  concentration.  While  the  earlier  forms  were  very  crude  and 
Dcfficietit,  the  later  types  show  great  perfection.  They  occiipy  in  the  scheme 
I  mill  work  the  position  either  of  final  crushers  or  of  auxiliary  crushers. 

In  all  forms  of  stampg  the  crushing  is  done  by  the  blow  struck  by  a  pestle 
if  stamp  upon  the  rock  which  is  resting  in  a  mortar.     The  stamp  invariably 


iown  with  accelerated  motion,  reaching  its  maximum  velocity  at  the 
noment  it  strikes  the  blow.  The  momentum  of  the  stamp  is  then  spent  in 
'ni£hiiig  the  rock.  It  follows  that  the  main  wear  will  come  upon  the  end  of 
he  stamp  and  apon  the  bottom  of  the  mortar ;  these  parts  are  made  repkceable 
md  aie  called  shoe  and  die  respectively. 

Stamps  are  best  fed  with  a  product  which  has  a  uniform  maximum  size  of 
Qmpd,  such  a£  will  be  received  from  a  breaker.  Automatic  feeders  are  therefore 
lOl  onlj  practicable  but  advantageous. 

The  product  of  stamps  passes  usually  through  a  screen,  and  the  larger  frag- 
ne&ts  are  retained  in  the  mortar  until  they  are  crushed  small  enough  to  pass 
liroogh.  Stamps  are  especially  applicable  to  crushing  ores  of  gold  and  silver 
preparatory  to  amalgamation  and  concentration,  native  copper  rock  preparatory 
JO  concentration^  and  a  variety  of  ores,  such  as  cassitcrite,  chromitc,  graphite, 
itc^  pieparatory  to  concentration.  Stamps  are  particularly  useful  where  line 
nshing  tn  one  operation  is  desired.  They  arc  not  suitablo  for  crushing  ores 
n  which  the  valuable  mineral  is  coarsely  disseminated  and  friable. 

Acoordiog  to  the  mode  of  applying  power  for  striking  the  blow,  stamps  are 
iivided  into: 

(a)  Sitam  stamps,  which  are  lifted  and  forced  down  by  a  steam  piston. 

(6)  Pneumatic  and  »prirttj  stamps,  in  which  the  power  for  lifting  and  forcing 
lovn  the  stamp  is  applied  by  a  crank,  while  the  shock  to  the  machine  and  the 
rariation  of  length  of  stroke  are  taken  up  bv  an  air  cushion  or  by  a  spring. 

(c)  Gravity  stamps,  which  are  lifted  by  cams  and  allowed  to  fall  by  their 
mn  weight.  The  velocity  of  fall  of  gravity^  stamps  is  limited  to  that  which 
an  be  acquired  from  gravity.  The  velocity  of  the  other  stamps  is  limited  by 
he  amoont  of  wear  to  which  it  is  economical  to  subject  the  machinery  and  the 


Steam  Stamps. 


^■07.  Ph'  ^  OF  Action. — These  machines  consist  of  a  vertical  stamp 

Hr  wht4^h  .    d  down  to  strike  its  blow,  and  lifted  up  preparatory  to  strik- 

hg  ibe  next,  by  a  steam  piston.     The  stamping  is  done  in  a  mortar  provided 
rith  a  screen  toprevent  the  particles  from  issuing  until  they  are  reduced  to 
laid  Wjse.     The  blow  i«  received  upon  a  die  placed  in  the  bottom  of  the 
ir*     lilt  are>  being  on  the  die^  ia  broken  small  by  the  blow.    Water  is  fed 
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with  the  rock.    The  large  machines  ore  of  enormous  capacity,  and  with  thei 
the  limiting  sciven  has  holes  i\i*^*^'li  (4,76  mm.)  in  diameter  or  larger. 

Six  designs  of  hirge  steam  stamps  have  been  put  in  use  in  the  mills:  The  Ball- 
(Fig.  65),  the  lA^avift  (Figs.  66a,  666  and  66r),  the  Aliis  (Fig.  67),  the  Fraser  & 
Chalmers,  the  Union  Iron  Works  (Fig.  68),  and  the  Cuyahoga.  The  Ball  stamp 
was  the  first  to  gain  a  permanent  foothold  and  was  for  many  years  the  standard' 
machine  in  the  Lake  Superior  copper  mills.  The  Leavitt  stamp  was  designed] 
to  give  a  more  economical  use  of  steam  and  a  more  eflicient  blow.     The  Alii 

stamp  was  designed  to  give  a  ver 
powerful  blow,  and  to  use  a  mor 
etfective  mortar  bed.      Of   latcrl 
construction    are    the    Fraser 
Chalmers,  the  Union  Iron  Works^l 
which  are  ahnost  identical  stampSjif 
and    the    Cuyahoga,       The    sii 
types  of  stamps  have  go  much  in 
common   that  they   will   be   de- 
scribed   as   one   machine   except 
where  differences  call  for  specials 
remark. 

§    108.    FOUNDATIOK,      MoRTArI 

Beds  and  Sills  and  Girdeks. — | 
For  the  foundation,  bed  rock 
leveled  off  or  a  concrete   bed  i9| 
made.     Upon  this  is  placed  a  tim*^ 
ber  foundation  made   of  squa 
timbers  lying  close  together  ii 
layers,  those  of  one  layer  being  at 
right  angles  to  those  above  and" 
below  it,  and  the  whole  bohci' 
together     with     vertical     2-inch 
bolts.     The  timbers  in  a  layer  ar 
often  placed  2  inches  apart  witKj 
the  spaces  filled  up  with  cement-j 
For  mortar  beds,  the  Ball,  thQ 
Fraser    &     Chalmers,     and    th 
Union  Iron  Works  stamps  have 
comparatively  small  blocks  of  castl 
iron  on  which  the  mortars  stand  J 
The  weights  of  these  mortar  bed 
are   sufficient   to   al»sorb    only 
small  portion  of  the  effect  of  the 
blow,  and  on  this  account  it  is  considered  necessary  to  place  under  them  sprirxj 
timbers  of  oak  (see  Fig.  65).    The  earlier  Leavitt  stamps  used  the  same  co 
bination.     The  spring  timbers  are,  on  native  copper  rock,  a  source  of  serioii 
expense,  being  made  of  the  finest   white  oak,  and   lasting  only  about   th 
months.     The  Allis  stamp  substituted  for  the  light  block  and  spring  timbe 
a  mortar  bed  built  up  of  several  blocks  of  cast  iron  weighing  60  to  90  tons  ii 
all,  restiTig  directly  upon  the  foundation.     They  are   12X10   feet  below  am 
narrow  upward   to   4X6   feet.     With  this  improvement   the  capacity   in    rod 
crushed  per  24  hours  was  increased  about  25%.     The  Leavitt  stamp  follo^s-ei 
with  mortar  beds  of  120  tons  each  with  the  same  result^  so  that  the  introductioi 
of  heavy  mortar  beds  has  completely  obviated  the  nccesfiity  for  spring  timbe 
and  in  most  cases  replaced  them.    The  Cuyahoga  bed  is*similar  to  the  Allii 


Kh 


FIG.  65, — BALL  STEAM  STAMP- 
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Leavitt  and  Allis  stamps  omit  the  two  second  girders, 
each  design  of  stamp  are  given  in  Table  60. 


The  details  of  these  for 


TABLE  59. — FOUNDATIONS  AND  MOBTAB  BEDS. 
AbbreTiatloofl.— Ftsfeet;  iD.siodMs;  Lb.=poand8. 


MUl 
No. 


Number 

ofStamps 

Used. 


42 
42 
48 


46 


46 
47 


48 


Design  of  Stamp. 


Fraaer  &  Chal- 
mers andUnion 
Iron  Works, 
treating    hard 


Ditto,  treating 
soft  ore 

Ball.  treating 
middlings 

Eraser  &  Chal- 
mers.   


Leavitt. 


BaU.. 


Cuyahoga . 


Allis. . 
AUis.  . 


Allis. . 


Foundation 
rests  on 


Concrete,  96  ft. 
long,  90  ft  wide, 
2  ft.  deep. 


Natural      sand- 
stone bed  rock. 


Concrete. 


Samea8MiU46. 


Fonndation. 


14  z  14-in.  timbers 
with  2  m.  of  ce- 
ment between 
them.  12  ft  long 
19  ft  wide. 


Same  as  Mill  42. 


Timber  block  26  ft 
long,  20  ft.  wide, 
15  ft.  deep. 


Timber  and  ce- 
ment block  15U 
ft  long,  14U  ft 
wide,Uiir  ft. 
deep. 


Timber  block. 


Samea8MiU46. 


Mortar  Bed. 


Blocks  wei^ng  78 
tonn  (seeFig. 60). 
1=22,600  lbs.  (1 
nieoe):  2=62,400 
Rm.  (2  pieces): 
8=71,400  lbs.  CB 
pieces). 


Same  as  MiU  42. 


Weighs  120 
(see  Fig.  TO).  1= 
cylinder  4  ft  di- 
ameter and  4  in. 
high;  2=8  ft.  8  in. 
z8ft8in.zlft. 
6  in.;  8=8 ft  8  in. 
z 8 ft  Sin.  z 2ft; 
4=8ft.8in.zl6ft 
z  1  ft  10  in.  (8 
pieces). 

Under  2  stamjps 
(those  with 
spring  timbers) 
blocks  weigh  20 
tons  each,  under 
2  stamps  00  tons 
each. 

Blocks  weighing  GO 
tons. 


tons  F<»tnerlT 


Blocks  weighini 
tons,12zl0ft 
the  base. 

Weighs  60  tons. 


Spring  Tlmben 


Swhiteoaktimben 
14  ft  long,  16  in. 
de^  14  in.  wide. 


8  white    oak  tim- 
bers (see  Fig.  71). 
Last  6  years, 
'used  and 


Only  2  stampi.  Qis 
spring  tmoen 
^ch  last  8 
months. 


None 


TABLE  60. — SILLS  AND  OIEDEES. 
Abbreviations.— Ft =feet;  In.=inches. 


Design  of 
Stamp. 


Tlie  two  main  Sills. 


The  two  first  Girders. 


The  two  second  Oirders 


The  Frame 
stands  OD 


BalL. 


LeaTitt.. 


Flanged  iron  silts  held  to  timber 
block  by  18  bolts. 

Flanged  tubular  siUs  of  cast  iron 
16zl9iz2fthigh.  12ft  8ia 
center  to  center. 


FraserftChal- 
mers 


Union  Iron 
Works... 


Flanged  tubular  sills  14  ft  8  in.z 
1  ft  tt^in.  z  8ft  8in.  hi^,eaoh 
held  down  by  sixteen  2-m.  foun- 
dation b(dts.  12  ft  8U  in.  cen- 
ter to  center  and  held  together 
by  two4-in.  tie-bolto. 

Flanged  ribbed  sUls,  each  held 
down  to  the  wooden  block  by 
12  bolts. 

Flanged  ribbed  sUls  held  down 
^bolts. 


Wooden  timbers  14  in. 
wide,18in.hiffh,each 
fastened  tomta  by  f 
bolts. 

Cast-iron  double  tubu- 
lar girders  each  held 
to  the  siUs  by  twelve 
IH-in.  bolts.  10  ft 
center  to  center. 

CDast-iron  girders  14  ft. 
2in.zlFt0in.z2ft 
high,  rounding  off 
at  theends,  eacnbeld 
down  by  eight  19i-in. 
bolts. 

Double  tubular  girders, 
each  held  down  by 
8  bolts. 

Doable  tubular  girders, 
each  held  down  by  8 


Wooden  timbers,  each 
fastened  to  first  tim 
ben  by  4  bolts. 

None 


Thetwosscood 
girders. 

Pedestals  2  ftz 
IftSinjclft 
4IU.I 
upon! 


None 


The   two  first 


Doable  tubular  ginlen. 

each  held  down  1^  16 

bolts. 
DoubU  tubular  girdsn, 

each  held  down  1^ 

Sbolts. 


on  the  second 
glrden. 
PeSBStalB  oast 
onthessoond 
girders. 


§  109.  Fbahe. — ^The  Ball  stamp  frame  (see  Fie. 
vertical  timbers  with  cross-timbers  upon  which  are  pli 


)  consists  of  two  heaTy 
the  stamp  shaft  gnideiy 
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rod  guide,  the  cylinder  and  the  valve  gear.    These  timbers  stand  upon 
i  ftrongly  braced  to  the  upper  girders. 

Leavitt  stamp  frame  (see  Figs.  6^  and  6Qb)  eoneists  of  four  posts  of 

wi  iroo  standing  upon  and  bolted  to  pedestals  on  the  ends  of  tlie  two  first 

rders.     These  posts  lean  toward  the  center  so  that  the  top  is  44%  of  the  width 

if  the  bottom.     The  frame  is  in  three  sections,  lower,  middle  and  upper,  with 

little  does-bars,  flanged  and  bolted  together.    The  middle  part  carries  the 


no.  09. 


f^s^iif-^^      ^^ 


m 


FIG.  70. 


FIG.  ?1« 


ta.  TO, MORTAJl  BED  OF  FRASER  iff  CHALITERS  STAMP.      FIG.  70,— MORTAR  BED  OP 

LEATITT  STAMP*       FIG.  71. — SPRING  TIMBER  IN  MILL  43. 


-i^ 


FIG.   72. 


jides,  the  upper  carries  the  dash  pot  and  piston  rod  guide,  the  cylinder  and 
Jve  gear, 

Fr«eer  &  Chalmers,  Union  Iron  Works,  and  the  more  recent  Ball,  use  this 
me  frame* 

Thc'  Allia  stamp  (see  Pig,  67)  consists  of  two  heavy  cast-iron  posts  with  cross- 
made  up  of  three  sections,  lower*  middle  and  upper,  flanged  and  bolted 
together.  The  lower  part  h  widened  to  give  a  stable  foot. 
The  middle  part  carries  the  guides.  The  upper  part  carries 
the  valve  gear,  the  steam  cylinder  and  the  piston  rod  guide. 
The  frame  h  braced  from  the  upper  ends  of  the  middle  part 
to  the  ends  of  the  sills  by  four  iron  braces. 

The  frames  of  the  original  Ball  and  of  the  All  is  stamps 
admit  of  screens  on  two  sides  of  the  mortar  only ;  that  of  the 
other  three  allow  screens  on  all  four  .side?,  if  desired. 

§  no*  Mortar  and  Screens. — The  mortar  h  in  two  parts: 
the  mortar  proper,  which  is  below  and  takes  most  of  the  wear, 
and  the  mortar  housing  which  is  above  and  confines  the 
splash. 

[The  mortar  proper  is  a  cylindrical  pot  of  cast  iron  (see  Figs.  66^,  66&,  and 

r).     Upon  the  mortar  proper,  and  bolted  to  it,  stands  the  mortar  housing  which 

ifat  Ball  and  Allis  stamps  is  wedge-shaped,  with  two  sides  vertical,  and  the 

two  sides  sloping  inward  downward  to  suit  the  screens.     This  housing  is 

lilt  up  of  castings  and  plate  iron  riveted  together,  and  oo  the  two  sloping 

W  it  is  j>n>vided  with  screen  frames,  and  outside  the  screen  frames  it  is  closed 

with  ghields  (see  Fig,  65),  and  has  a  discharge  spout  below  out  through  which 

itAtnp  stulT  which  passes  through  the  screens  is  discharged.     In  the  Leavitt, 

Prmser  &  Chalmers,  the  Union  Iron  Works  and  the  Cuyahoga  stamps,  the 

the  mortar  housing  slope  dowuward  and  inward  to  suit  the  screens, 

ng  has  four  re-entering  angles  to  give  room  for  the  four  posts. 

kli  :ion  gives  the  section  of  the  top  of  the  bousing  the  form  of  a  cross 

I.,.   .  y^.     The  housing  is  closed  in  on  top  with  an  iron  cover  with  three 

flt»F  in  it,  one  for  the  stamp  shaft,  one  for  the  feed  bofifxT,  and  one  for  the 

^ipe.     The  housing  has  a  lining  in  two  parts,  upper  nnd  Inwer,  the  lives 

iht  tor  the  Ball  stamp,  are  shown  in  Table  r»l. 
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TABLE  61. — ^MOBTAR  HOUSING  LININGS  FOR  BALL  STAICP.^ 


MilL 

Upper  Uning. 

Lower  Lining. 

Material. 

Thick. 
nesB. 

Life. 

Material 

neas. 

Life. 

Calumet  ft  Hecla. . 

Wroiight  iron. 

Inches. 

Months 
6 
8 
12 

Chilled  cast iraa. 

IwAiftM. 

Montti 

t 

AJloues. 

rnifllM  <mfft  inn. 

1 

Chilled  cast  iron. ........... . 

1 

4 

Atlantic....  1....... 

Wrought  iron 

% 

The  details  of  the  mortar  proper  are  shown  in  Table 
mortar  housing  in  Table  63. 

TABLE  62. — ^DETAILS  OF  THE  MORTAR  PROPER. 


and  those  of  the 


BfiU 
No. 

Design  of  Stamp. 

Inside 
Diameter. 

Depth. 

Thickness 
of  Sides. 

ThickncM 
of  Bottom. 

48 
48 
44 

46 
4« 
48 

[  Flraaer  ft  Chalmers 
LeaTitt 

Ft.  In. 
8    6 
8   7 
8    (% 
8    (% 

Inches. 

81 
28 

Inches. 

8 

5 
8 

8 

Inches. 
5 

6 

Ball 

i-Allis. 

\^^ 

TABLE  63. — ^DETAILS 

OP  THE  MORTAR  HOUSING. 

Design  of 
Stamp. 

Oatside  Height. 

Outside  at  T6p. 

Oatside  at  Bottom. 

AlMff,  --,,-. - 

Ft     In. 
4        8 

3        ^ 

Length.  Width. 

FtV   Ft.  In. 

8   11^x4   e 
\  8   0      x8   O*  I 
14    8      x4   2«   r 

Len^  Width. 
Ft.  In.    Ft  In. 
6    1^x4  e 

4    8x48 

Leavitt 

^  See  Fig.  78. 


The  screens  are  of  steel  plate  punched  with  holes  that  are  usually  round. 
The  screen  frame  (see  Pig.  67),  is  of  cast  iron  with  vertical  bars,  commonly 
three,  running  from  the  top  part  to  the  bottom  part  of  the  frame ;  this  gives  four 
panels  in  which  the  four  parts  of  a  screen  plate  are  fastened  with  bolts  and  bind- 
ers. The  screen  frame  is  bolted  to  the  housing  UDon  a  face  trued  to  receive  it 
Spare  screen  frames  with  screens  upon  them  are  kept  on  hand  to  save  time  in 
changing.  When  the  lower  part  of  a  screen  plate  is  too  much  worn,  it  is  tiLmed 
end  for  end  and  what  was  the  upper  end  is  placed  below  to  take  the  wear.  The 
details  of  screens  and  their  life  are  given  in  Table  64. 

§  111.  Die,  Ring,  Staves  and  Shoes. — In  the  mortar  (see  Pig.  666),  is 
placed  a  die  which  is  a  flat  disc  in  the  form  of  a  truncated  cone  with  the  smaller 
diameter  uppermost.  This  receives  the  blow  and  bottom  wear.  Around  the  die 
is  placed  a  ring,  which  serves  to  fill  the  space  and  to  support  the  staves  which  are 
in  section  wedge-shaped  and  lie  together  around  the  circle  like  arch  bridn.  The 
staves  take  the  side  wear.  The  last  stave  put  in,  called  the  key  stave,  is  a  re- 
versed wedge,  and  is  held  in  place  by  a  bolt  through  the  sides  of  the  mortar.  Ilie 
two  adjacent  staves  have  special  forms  to  conform  to  this  key. 

The  shoes  (see  Fig.  80)  are  in  geometrical  form,  namely,  cylindrical  discs 
from  which  two  opposite  segments  have  been  removed;  this  maKc»  a  long  and 
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TABLE  64. — DETAILS  OF  SCREENS, 

Abbr»Tifttk)iia.'-43.6.  P. scast-sted  plates;  Cuy,= Cuyahoga;  Deg.=Dt4^ree8;  F,  &  C.=Fra8er&  Chalmert; 
Tb  =:(Dcbe»;  No.=iiumb«r;  R=:rounc];  S,t=:isloU;  Scr^scroen;  8, P.  =  steel  plate;  Sq.Iii.=H|uareliicbea;  SUm. 
^stAtnps;  U.  1.  W.  =  Union  Iron  Works;  Vort.  =  vertical;  V.S.=Ti*rticai  slots. 


op  aumpa 


(a) 
bMc} 


Cujr 

AlUii..,. 
Aiiia..,. 

BaU..,. 


Slope 
of  Scr. 
Crom 
VerL 


Mate- 
[rial. 


8.  R 


^'k 


CS.P.  f 


oAirr' 

0,107 
0-107 


Hole. 


Kind. 


In. 


Area  of  Screen, 
la. 


No.  of 
Screens 

in 
Frame 


Sx48 

6x48 

Sac  48 

(rf)7x41 

8mc44 

uVeii'x'ii'net 

fM  SU  X  45  Det 
(h)  8^  3c  45  net 


if 


No.  of 
Frameti 

in 
Stamp. 


Total 
Screen 

Area. 
Bq.ln, 


8,078 
8,078 
a,078 
2.840 
5,il64 

'  8.660 
8.060 

'  s.oeo 
8.m 


Days. 


Ufa 
Tons. 


(f)90 
12 
(i')»4 
(034 
ii)94 
30to40 
18 
4fi 


7,800 
1,800 
6,300 
9,860 
10,800 


fo)  F.  A  C.  and  U.  L  W.  oo    hard  ore,    m  Ditto  od  soft  ore,    (c)  Ob  middling 
"liree^ighth  inch  center  to  center.    (/)  Quoted  from  8liarplesa.>o    (g)  WeLgl 
lap  alTaroond.    (t)  Then  patched  and  wears  0  days  more.    \j }  Atlantic. 


(rf ) !  loch  J*p  all  around. 
10  pounds.    <^)  One-half 


narrow  shoe  along  the  sides  of  which  rock  can  settle  to  be  crushed  later  as  the 
stamp  rotates  to  new  positions.  Since  the  onteide  margin  of  the  shoe  does  the 
main  work  of  crushing  and  in  consequence  wears  faster  than  the  center,  it  is 
common  to  make  a  slight  depression  in  the  center  of  the  shoe  to  equalize  the 
conditions.  Frager  &  Chalmers  make  this  depression  in  the  form  of  an  ellipse 
rith  axee  13  and  8  inches  long.  Its  depth  is  one  inch  at  the  center  and  tapers 
0  at  the  edges.  Upon  the  top  of  the  shoe  is  a  dovetail  which  is  straight  on 
side  and  curved  on  the  other.  This  finds  its  counterpart  in  the  stamp  shaft. 
The  spare  space  is  taken  up  by  driving  in  a  key  with  shims  along  the  straight 
face. 

In  changing  a  shoe  when  it  is  worn  out,  the  stamp  is  stopped  and  lowered  so 
as  to  rest  on  the  rock.  The  key  is  driven  out  and  the  shims  are  removed.  The 
stamp  shaft  is  now  lifted  by  steam  pressure,  the  old  shoe  removed,  and  a  new  one 
put  m*  The  shaft  is  lowered,  the  dovetail  entered,  the  shims  and  key  put  in. 
The  stamp  is  now  lightly  dropped  a  few  times  to  set  the  shims.  If  needed, 
more  shims  are  put  in  and  the  key  set  up  hard.  The  stamp  is  now  raised,  '*c6ver 
woric"*  removed,  screens  replaced  and  stamping  resumed. 

The  die,  ring,  staves  and  shoes  are  all  made  of  a  fine  chilled  cast  iron,  cast 
from  mottled  and  white  charcoal  pig  capable  of  taking  a  very  deep  chill,  and  they 
co«t  at  Butte,  for  instance,  about  4  cents  a  pound.  The  rejected  worn-out  parts 
at  both  Lake  Superior  and  Butte  are  shipped  back  to  the  foundry,  and  perhaps 
ig  about  three-fourths  of  a  cent  per  pound*  This  metal  has  proved  far  bet- 
than  any  other  material  to  withstand  wear  of  heavy  stamps.  Table  65  shows 
comparison  of  various  metals  for  shoes  in  Mill  43.  The  details  of  these 
ring  parts  with  figures  on  life  and  computed  wear  per  ton  are  given  in  Tables 
5,  67,  68  and  69. 

The  dies  wear  down  to  half,  or  less,  of  their  thickness,  and  toward  the  end 
their  life  to  some  degree  lessen  the  capacity  of  the  stamp.     The  wear  is  com- 
iratively  slow,  due  to  the  fact  that  the  die  is  always  protected  with  4  to  6 
inches  of  rock. 

The  shoes  wear  to  a  form  somewhat  like  that  shown  by  the  dotted  lines  in 
Figs.  73a  and  736,  and  toward  the  end  of  the  life  of  a  shoe  the  mortar  has  to 

•  Th*  lomi  imnm  for  the  lumps  of  copper  too  large  to  pasfl  the  screen  and  which  accumulate  in  the  bottom 
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FIO.  73a. — BIDE  VIEW.      FIG  736. — ^BND  VIEW. 


be  filled  fuller  with  rock  in  order 
to  reach  the  shoe.  This  f  act,  and 
the  deformed  shape  of  the  worn- 
out  shoe^  cut  down  the  capacity 
of  the  stamp  considerably  toward 
the  last  hours  of  a  shoe. 

§112.  Steam  Ctlindbb, 
Valve  and  Valve  Motion.— 
The  usual  size  of  Ball  stamp  has 
a  cylinder  15  inches  diameter 
and  practical  stroke  of  about  24 


table  65. — ^METALS  FOR  SHOES  IN  MILL  43. 


MateriaL 

Average  Weight 

Time  to  Wear 
Out. 

Rock  Btami^ 

edtethe 

Time. 

Beforehand. 

Afterward. 

Armor  plate  steel. . 
Ohllied  cast  Iron. . . 

Pounds. 
840 
840 
840 
840 

Pounds. 
143 
143 
148 
148 

Hours. 
27 
40 
48 

80  to  70 

Tons. 
176 
860 
878 
450 

TABLE  66. — ^DETAILS  OF  DIES  FROM  THE  MILLS. 
Abbreviations.— In. sinches;  Lbs.=pound8;  Mo8.=:months;  No.=number. 


^ 

Destgn  of  Stamp, 

Diameter. 

Height 

Weight. 

Ufo 

Wear  of  Inn 

per  Ton.  {a) 

1 

LOWR 

Upper. 

New. 

Did, 

Oroai, 

N«t 

4S 

FfAser  &  Chalmers  &iad  Union 
Iron  Work*,  en  hard  one  * . . »., 

Fraser  &  ChftlmtTn  and  Union 
Iran  Works,  on  soft  ore. .  .,.*. 

Bat]    on  iiilddlini?^   >>>■«-. ■■r^p^.t 

Id. 

S3 
28 

In, 
SO 
SO 

In. 

8 
S 

Lbs. 

0&O 

050 
460 

Lbs. 

Mos. 

la 

Tons. 

Lb8. 

1^ 

42 

A*i 

91 

S 

0 

fi 

1« 

IB 

10 

S4 

43 
44 

4B 

li^rajHir  Jfe  Ob&lj!i34fiiv          ^  <.•■... . 

18,940 

iH.500 
64,500 

1^,000 
18,000, 

Leavltt.*. .,,„.„.»., 

Rail........ 

«1M 

im 

m 

74B 

406 

0^0191 

O-OOft 

40 

SJi"::i;;»  ;;;!":"":";: 

7B0 
700 

TOO 


m 
m 

17B 

O'OIJS 

own 

1    OOM 

46 
40 

rinvaKrttfA,  ., -,.            .ill.,,* 

iSi  ^,::::;;;:;::::::;:::;;;; 

47 

Ajiii  „. ...*,»♦.,*.,.., 

48 

AUlfl*-** .-. *.*..« 

£8 

80       ! 

8 

750 

100  [^ 

toO.OiOO 

OCHIl 

(a)  Gross  wear  does  not  take  into  account  the  weight  of  the  wonnrnt  piece,  whOe  net  wear  doeft. 


TABLE  67. — DETAILS  OF  RINGS  FROM  THE  MILLS. 
AbbrevlatSons.~Lbs.spoundR;  No. = number. 


Mm 

No. 

Design  of  Stamp. 

Weight 

Life. 

Wear  of  Iron 
per  Ton. 

New. 

Old. 

Gross. 

Net 

44 

45 
46 
46 
46 
47 
48 

Leavitt 

Lbs. 

866 

Lbs. 
600 

Tears. 

Several 
0Ter6 

Tons. 
71,600 

Lbs. 
0.0190 

Lbs. 
0.00866 

Ball 

Ball 

820 
8S0 
880 

416 
415 
416 

58,600 
156,000 

0.0166 
0.0058 

0.0077 
O.0Q86 

CuYahfMra. ......... 

Sfls.!^?........:: 

AUis 

Allis 

880 

416 

900,666' 

oioon* 

oiooii' 

BTMAM,  PNKVMATW  AND  SI* RING  STAMPS, 

TABLB  68. — DETAILS  OF  8TAVB8  FROM  THE  HltLS. 
Abbr»viAlJacis.—liL= inches;  Lhe. ^pounds;  If o«, smooths;  No. = number. 


ua 


1        «..o,SU„. 

Nunib<^r 

of 
8taTe«. 

ThJck^ 
Dees. 

Weight  of 

Each  Stare. 

Life. 

Wear  of  Iroji 
per  Tod. 

1 

Ncfw. 

Old. 

OroBft. 

Net 

B  M.  OhaliBefv  and  Unioo  In>a 
Htok<Mi  tanlora. 

IrL 
8 

Lbi. 

Lbs. 

Ubg. 

TOIUL  1 

Urn. 

Lba. 

KAChalaion  «Dd   Uoloii  Iron 

^^^^^EkImSm 

a 

810 
154 

■     'ii" 

0 

0 
4 

S4 
18 

18  to 
15 

24 

lato 

16 

27,880 
39,000 
30,000 
106,000 
117,000 
90,000 

tf> 
115.000 
J8CMXW 
011,000 

to 
116,000 

0.0114 
0.0395 

•^*«-" • 

to 

0.01M 

r:f:::::::::= 

8 

474 
190 

237 

S50 
100 

ISS- 

0.0181 
0.01«2 
0.0310 

to 
O.OlftI 

0.006K 

O.O0f77 

O.0Q09 

to 

f 

0.0078 

1 

8 

237 

m-v 

o.oaio 

to 
0,0164 

O.OOW 
to 

1 

o.oore 

TABLB  69. — DETAILS  OF  SHOES  FROM  THE  MILLS* 
AbbreviatioDS.— In. ^inches;  Lbs. 3=  pounds, 


Dorign  or  Stjunp. 

Dimes 

liooa. 

Weight. 

Life. 

Wear  of  Iron 
per  Ton, 

New, 

Old. 

GrosH. 

Net 

A  Oialsiem  and  Unioo  Iron  Works,  00 
0f«, , ,.,...-.. 

In. 
2!jxl4xS 
28x14x8 

Lbe. 

tm 

450 
600 
600 
700 

700 
700 

Lba. 
160 
150 

8 

T0O8. 

Lbs. 

Lbs. 

ft  CtuUiDOTV  aod  Uakn  Iron  Works,  on 

fe  ttiddUAgs 

ao 

86 

ao 

16 
LoO 
S 

axl4x8H 

1,600 
S,600 
6,800 
6,600 
6,000 
4,500 
to  6,000 
900 

0.40 
0.130 
O.OIJI 
0.](« 
0.117 
0.183 
to  0,100 
0,778 

0.90 

^, ,,,,, , .,*.* 

88x14x8 
ttxl4x8 
««x]4x8 

82xl4i8 

23x14x8 

0.0587 
0.06<MI 
O.O017 
0.0fl7 
to  0.050 
0.411 

Fig.  74).     A  simple  slide  valve  is  used  which  is  given  accelerated  and 
otion  by  eccentric  gears  BB,  driven  from  a  separate  source  of  power* 
fiiric  C  makes  its  slowest  motion  when  the  valve  admits  steam  for  the  up 
vivA  \\9  q!iicke§t  when  it  admits  steam  for  the  down  stroke.     The  latter 
:i  full,  wide  opening  of  the  valve,  admitting  almost  full  boiler 
ng  the  blow.     The  valve  of  this  stamp,  and  of  the  others  also, 
rca  a  lead  for  the  down  stroke  which  is  greater  than  is  customary  on  ordinary 
in  order  to  furnish  the  necessary  cushion  for  stopping  the  upward  move- 
nt the  stamp.     The  retardation  of  the  stamp  caused  by  its  striking  its  blow 
|tii  the  lower  end  of  the  cylinder  from  needing  any  lead  at  alh    The  throw 
of  the  valve  is  so  adjusted  as  to  give  a  wide,  full  opening  of  the  valve  at 
^[end,  and  only  abont  -^  inch  at  the  Inwor.     As  the  piston  has  no  crank 
f  ^op  it  at  an  exact  point,  its  motion  being  arrested  at  tlie  top  end  by 
"iion  and  at  the  bottom  by  the  blow  on  the  rock,  it  requires  a  large 
^2|  inches  at  the  top  end  and  4  inclie.*?  at  the  bottom,  with  full  stroke. 
fLeaviit  stamp  (see  Fig.  75)  has  differential  cylindrrs  with  two  pistons. 
^n  is  JJ1|  inches  in  diameter;  the  lower  is  It  inches.     For  thn 
i  is  admitted  and  exhausted  above  the  upper  piston  by  two  grid- 
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iron  valves  (see  Fig.  76),  standing  on  edge,  moving  horizontally^  opened  and 
shut  by  two  cams  each  with  adjustable  cut-off.  The  cams  are  driven  from  an  in- 
dependent source  of  power.  The  admission  valve  cuts  off  the  feed  at  about 
40%  of  the  down  stroke.  The  piston  then  runs  by  expansion  to  the  end. 
The  exhaust  is  opened  at  the  same  iustant  as  the  blow  is  given,  and  on  the  return 
the  exhaust  is  closed  and  the  feed  opened  at  about  90%  of  the  return  stroke,  to 
cushion  the  piston.  The  steam  for  the  return  stroke  is  admitted  below  the 
lower  piston  through  a  pressure  regulator  which  allows  it  to  pass  when  the  pres- 
sure falls  below  50  pounds  per  square  inch.  The  pressure  under  this  lower 
piston  will  range  from  a  maximum  of  60  to  a  minimum  of  50  pounds  per  square 
inch  for  each  stroke,  with  a  mean  of  55  pounds.  The  upper  piston  therefore 
always  acts  against  this  nearly  constant  pressure  of  the  lower  cylinder.  The 
cylinder  has  therefore  only  i  inch,  which  is  the  usual  clearance  of  a  carefully 
made  engine,  at  its  upper  end,  avoiding  all  the  amount  of  clearance  at  its  lower 
end  due  to  variable  height  of  rock  in  the  mortar.    The  steam  eidiausting  from 


FIG.  74.  FIG.  75.  FIG.  76. 

FIG.     74. — ^BALL    STEAM    STAMP    CYLINDER.      FIG.     76. — LBAVITT    STEAM     STAMP 
CYLINDER.      FIG.    76. — ^VALVE   MOTION   FOR   LEAVITT   STAMP. 


the  upper  end  of  the  large  cylinder  and  that  which  leaks  into  the  between  space 
is  exhausted  into  pipes  for  heating  the  mills  in  winter,  and  into  a  jet  condenser 
with  air  pump  in  summer,  giving  a  vacuum  of  24J  inches  of  mercury,  equivalent 
to  12.14  pounds  per  square  inch. 

The  Allis  stamp  has  a  cylinder  20  inches  in  diameter  with  a  practical  stroke 
of  24  inches  (see  Figs.  77  and  78).  The  cylinder  is  provided  with  double  bal- 
anced piston  valves  at  each  end ;  each  valve  feeds  and  exhausts  the  steam  at  its 
end.  These  valves  are  driven  by  independent  eccentrics.  The  earlier  forms  of 
Allis  stamps  have  rotary  valves.  The  eccentric  of  the  upper  valve  is  driven  by 
a  disc  and  link  transmission  (see  Fig.  67),  giving  accelerated  and  retarded 
motion.  The  admission  is  made  while  the  eccentric  is  at  its  highest  speed,  which 
gives  a  quick,  wide  opening  of  the  valve,  cutting  off  at  about  33%  of  the  stroke 
and  running  by  expansion  the  remainder  of  the  stroke.  The  exhaust  opens  when 
He  Mow  is  struck,  and  the  dow  motion  of  the  valve  comes  during  the  exhaust 
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The  exhaust  closes  and  the  feed  opens  in  time  to  cushion  the  piston.  The  vahe 
at  the  lower  end  is  driven  by  an  ordinary  eccentric  without  acceleration ;  it  adniita 
steam  partially  throttled  for  about  one-sixth  of  the  stroke,  and  runs  by  ezpansioii 


FIG.  78.  FIG.  79. 

FIG.   78. — SECTION  OF  CYLINDER  AND  PISTON  OF  ALUS  STAMP. 

POT    FOB    LEAVITT    STAMP. 


FIG.   79.— DASH 


the  remainder.     No  steam  is  admitted  below  until  after  the  blow  is  struck.     The 
stamp  therefore  strikes  an  entirely  un cushioned  blow. 

The  Fraser  &  Chalmers  and  Union  Iron  Works  stamps  (see  Fig.  68)  have 
rotary  valves  above  and  below,  driven  by  independent  eccentrics,  and  these  are 
driven  by  a  pair  of  eccentric  elliptical  gears,  receiving  therefrom  accelerated  and 


TABLE   70. — DETAILS   OF 
Abbreviations.— Guls.  = 

STEAM  CYLINDERS,   WATER 
rgallons;  In.=inche8;  Lbs.=pound8 

USED,  AND  CAPACITY. 

Max. =maximunL 

1 

D^lgn  of  Syunp. 

|1 

=■8 

L^tigthof 
Stroke. 

1 

III 

r 

HI 

1^ 
1 

m 

Max. 

Actual. 

Bm 

m 

Fraser  A  rhialmero..  .»....**..>.... 

In. 

In. 

In.! 

In. 

In, 

In, 

Lba 

Gall. 

Toofl. 

Ton*. 

43 

FfttflHT  &  C'hftluif^rfl  und  Union  Iron 
Workfl+  oti  \inxi\  0tt^. . , 

16 

15 
15 
11 

(iJ) 

40 
40 

10 
10 

.... 

BO 

90 

04 

»4 
S4 
ti 

n 

m 
m 

KM 

05 
05 
95 
100 

m 

100 

100 
100 
05 

4a 

¥t^sgt&  Chalmers  and  Union  Iron 
Works,  on  soft  ore. , *......, 

4@ 

Bftlh  nn  iniildUngii. ................. 

FraB*>r  &  Chalmers.  .....*,,♦ , » . 

IrfAt-Itt .* p  . . .  ♦  -    .  ' 

44 

40 
30 

10 
7  1 
7 
7 

*4** 

94 

\m 

44 

in 

ffl«061 

S5 

m 

150 

m 

900 

4ft 

Ball .,»,, 

4A 

Bail ,„. .„,. 

15 
18 

m 
so 

.... 

... 

0S 

m 

£4 

m 

100 
100 
100 
100 
100-105 

"too 

3TO 

i 

4n 

Ssr^:;;;;;;;;::::::::;::::::': 

411 

4S 
4S 

10  1 
10 

10  1 

1 

aoo 

soo 

m 

AUte , 

AJllft *,»*., , ! 

Ban ,... ./.„,,..! 

ara 

m 

aw 

SID 

(a)  The  work  of  ttae  stamps  may  vary  85,  or  eveo  50,  tona  from  day  to  day,  so  that  then  ma 
conflict  between  some  of  these  flipires  and  those  stated  elsewhere  Inthe  book.  (5)  Aooideiitally  c 
pull^.  (d)  Upper,  81U;  lower,  14  inches,  (e)  This  Is  for  the  imper  cylindMr;  the  lower  is  46  to06 
By  pulley  once  in  six  strokes.    (9)  aiggin,"  in  1886.    (%)  By  pufley  onoe  in  60  atrokM.   (ATbraaaC 


,  so  that  there  may  be  a 


inches  and  two  are  18.    (i)  Atlantic,  <iuoted  from  Shaipteai.** 
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Bunum  at  bath  ends  of  the  cylinder.     The  Fraser  &  Chalmers  cuts  off 
I^M'tl^'SO^  on  the  down  stroke  and  33%  on  the  up  stroke, 
BetaQs  of  steam  cylinders  are  given  in  Table  70.     The  details  rtf  the  valve 

teiiona  ahowijig  the  tinaeB  at  which  the  valve  motions  occur  are  given  in  Table 

71. 


TABLE  71.- 

-DETAILS  OF  VALVE  ACTION. 

Deiignof  SUmp. 

Klmlaf 
VaJves, 

Upper  End. 

Lower  End. 

i 

11 

I.I 

Pl 

pi 

cog 

« 

Fniser  &  Cbaimers  aod 
UaioD  Iron  Work»»  oo 

bard  ore...,,, 

VmrnBT  «  ChalmerB  asd 
Umkio  Iron  Work*,  oo 

«fiore. 

Ball,  oo  mJddilDirs.  — 

mmr  d:  CbaXm^n 

LeaTlU  (6>, 

Rotary. 

Rotary. 

Slide, 

Rotary. 

Grid-iroo. 

Slide. 

Slide  aike  Ball). 

Balanced  pimton. 

Balanced  ptoton. 

m 

41 

n 

88 

(a)  End 
45 

89 
3S 

(a)  End 
ic} 
27 
17 
17 

4f 

End. 
End. 

OS 
61 

^i 

eLI 

B^i 

16 

411 

AiiTr!;, /",.;.:::::: 

f? 

AUis ,„. 

4d 

Anmib\ ,. ,, 

4a 

38 

End. 

e? 

ii 

(«) 

Eiid. 

End. 

(a)  6t«am  is  throttied  for  the  wtiol^o  stroke  and  there  lit  oo  fizpnriRiOEi,  (h\  The  ratuee  for  these  atoxniNi 
tn  calculated  frtMu  tb^  indicator  cards,  Flzs.  8S,  Si,  65.  86,  87.  (c)  There  is  an  almost  constaiit  pressure  in  the 
lo««r  part  of  this  cylinder  all  the  time,  (d)  Four  balanc<»d  piston  nnd  one  rotary,  (e)  Wire  drftwn  from  1^ 
to  4ag(  of  up  stroke^ 


§  1 13.  Safety  Devices. — As  these  machines  have  no  crank  and  connecting 
rod  to  stop  the  motion  at  the  two  ends  of  the  stroke,  other  means  besides  the 
steam  cushions  already  mentioned  must  be  provided,  to  prevent  the  piston  from 
going  too  far. 

In  the  Ball  stamp  (see  Fig,  74),  the  lower  portion  of  the  steam  cylinder  is 
counter-bored  to  about  0.32  inch  larger  diameter  than  the  remainder,  and 
there  is  an  extension  below  the  port  opening  into  which  the  stamp  can  enter  and 
it  acts  as  a  dash  pot.  This  will  stop  the  stamp  in  case  the  mortar  gets  empty. 
Thi*  counter-bore,  however,  seriously  increases  the  clearance.  For  the  upper 
end  of  the  stroke  (see  Fig.  r)5),  a  guard  is  provided  by  a  buffer  on  the  upper  side 
of  the  coupling  and  an  elastic  cushion  on  the  cross-bar  above  to  receive  it,  in 
case  the  steam  cushion  fails  to  stop  the  upward  motion, 

trhe  Leavitt  stamp  has  a  plunger  and  dash  pot  (scf  Fig.  79),  3  feet  diameter, 
inches  deep»  at  the  coupling  between  the  piston  rod  F  and  the  stamp  shaft  S, 
which  arrests  the  upward  movement,  and  l>eneath  the  small  cylinder  (see  Fig.  75), 
there  is  a  cup  or  extension  into  which  the  small  piston  can  enter  and  act  as  a 
dash  pot  in  case  the  mortar  gets  empty  and  the  stamp  tends  to  fall  too  far. 
Neither  of  Ihese  dash  pots  adds  to  clearance. 

In  the  Allis,  the  Fraser  &  Chalmers,  and  Union  Iron  Works  stamp,  the  danger 
of  breakage  is  averted  by  a  bonnet  on  the  flange  at  the  upper  end  of  the  stamp 
ffaaft.  In  this,  the  flange  on  the  piston  rod  plays  between  rubber  cushions 
above  and  below  (see  Fig.  80).  The  rubber  cushion  for  the  downward  thrust 
is  4  inches  thick  and  11  inches  diameter*,  that  for  the  return  is  an  annular  disc 
21  inefaes  thick,  11  inches  outer  diameter^  5  inches  inner.  Half  an  inch  clear 
e  is  left  around  these  two  rubber  springs.  In  the  walls  of  the  Allis  cylinder 
Pig.  78),  at  its  lower  end,  are  eight  vertical  grooves  1  inch  4e€^,  \  \wc\\<j% 
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wide,  113  inches  high,  which  give  the  effect  of  the 
counter-bore  of  the  Ball  stamp,  and  stop  the  ma- 
chine if  the  rock  in  the  mortar  gets  too  low.  The 
piston  is  10  inches  thick.  The  Fraser  &  Chalmers 
uses  a  steam  cushion  in  the  lower  end  of  the  cylin- 
der. 

§  114.  The  Stamp  Shaft,  Pulley  and  Guides. 
— The  shaft  of  the  AUis  stamp  is  shown  in  Fig.  80. 
In  all  designs  of  stamps  the  shaft  is  about  8  inches 
in  diameter,  serving  to  give  weight  to  the  blow.  In 
every  instance  it  has  a  dash  pot  or  bonnet  connec- 
tion with  the  piston  rod  above,  and  is  widened  to 
a  foot  or  hub  below,  which  is  of  the  same  cross- 
section  as  the  shoe.  On  the  under  surface  of  the 
foot  is  a  dovetail  mortise  curved  on  one  side,  into 
which  the  tenon  of  the  shoe  is  keyed.  The  shaft 
has  two  keyways  in  which  slide  the  feathers  of  the 
rotating  pulley.  In  the  AUis  stamp  these  are  JX 
|X66  inches.  Table  72  gives  details  of  stamp 
shafts  and  their  life.  The  wear  is  chiefly  at  the 
foot.  In  Mill  48,  the  foot  wears  away  on  the 
shoulder  from  13  inches  high  at  the  start  to  6 
inches  at  the  end  of  its  life.  The  shaft  itself  also 
becomes  worn  down  somewhat  in  diameter.  It 
goes  by  cracking  either  in  the  stem  or  in  the  foot. 
The  later  designs  have  the  shafts  made  larger  near 
the  foot  and  the  foot  made  higher. 

On  the  shaft,  between  the  stamp  shaft  guides, 
there  is  a  little  loose  flanged  pulley  through  the 
bore  of  which  the  stamp  shaft  moves  up  and  down. 
There  are,  however,  two  grooves  in  the  sfamp  shaft 
and  two  feathers  fixed  to  the  pulley,  which  force 
the  stamp  to  turn  with  the  pulley.  A  belt  driven  slowly  by  the  mill  engine 
turns  the  pulley  once  in  four  blows  of  the  stamp,  or  less  often  as  shown  in 
Table  70.  This  pulley  is  sometimes  omitted  from  the  Fraser  &  Chalmer's 
stamp,  which  revolves  therefore  only  accidentally. 

TABLE  72. — ^DETAILS  OP  STAMP  8HAPT. 
AbbreviatlotiR.— Ft=feet;  In.slnches;  Lbs-spomids;  No.snuinber. 


1^- 


FIO.   80. — STAMP  SHAFT  AND 
SHOE  OF  THE  ALLIS  STAMP. 


urn 

No. 

Desigii  of  Stamp. 

Weight 

Material. 

Lite. 

Diameter. 

Length. 

Diameter 
QtWUagt. 

48 

Fraaer  &  Chalmera,  Union  Iron 
Works,  Ball 

Lbs. 

Yeart. 

In. 
(a)  8 
(a)  8 

FL  In. 

In. 

411 

l^miiftp  /^  OtiAlniffm. .•..  .tittitt-- 

Steel. 
Knipp  cru- 
cible steeL 

4 

44 

Ija^Yitt,                     

(a)2,e00 

8,900 
8,000 

18    1 

IQ 

45 

Ball 

4ff 

AUte 

Steel 

8 

6 
8 
8 

47 

18  10 
18  10 

iS» 

48 

Allte 

i'sdd 

Steel. 

(a)  This  shaft  has  a  4-inoh  hole  bored  through  Its  center, 
years,  both  from  flaws. 


(6)  Two  shafte  out  of  fl?e  have  broken  in  lln 


The  guides  (see  Figs.  65-68)  are  simply  babbitted  boxes  in  which  the  stamp 
shaft  makes  its  journey  up  ana  down.  They  are  supported  on  heavy  croes-bars 
on  the  main  frame. 

§U5.  Floors^   Bins,   and   Feeding   Arbanoekents. — ^Thefe   are   luiitUy 
four  floors  for  operating  these  stamps  (see  Fig.  65).    The  upper  gives  meani 
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1^1  ti»,.  '^^^iniler  and  valre  mechanism*     The  second  is  for  the  ilnt^h  pot  or  bon- 

rA  h  Ihc  (ceding  floor  for  water  and  rock,  and  al-o  for  the  guidet* 

nuiirj  ^Miiley.     The  fourlh  is  to  tend  the  Rcreeiis  and  conveying  laundcTB. 

Ta  the  rear  of  the  stomp  is  placed  a  bin,  which  at  Lake  Superior  holds  rock 

snfficieiit  for  over  14  hours'  fe«:'diii^.     It  is  supplied  from  a  track  above  it  and  the 

bottom  slopes  three  ways  toward  the  discharge  gate, 

A  chute  is  provided  to  convi^y  the  rock  frojii  tlie  gate  to  the  stamp.     This  chute 
at  an  angle  «uch  that  the  rock  will  either  jubt  t^lide  or  just  not  slide.     Mill 
wt'is  the  rock  in  this  chute  to  make  it  run  easier.     The  head  feeder  (man  who 
the  stainp)  therefore  simply  allows  the  rock  to  move  when  the  stamp  needs 
or  puslics  it  forward  with  but  little  exertion.     The  chute  also  gives  oppor- 
lily  to  pick  out  high-grade  rock  for  smelting  direct,  and  chips  of  wood,  rope 
iiml  ft«ch  fiber-making  materials  as  interfere  wuth  the  w^ashing,  and  thus  to 
from  getting  into  the  stamp  screens  and  classifier  spigots, 
nr  hell  i6  struck  by  the  flange  of  the  stamp  shaft  when  the  rock  gets 
Jti»  low  limit  and  it  is  time  to  feed  moiv.     This  indicator  is  kept  at  the  same 
throughout  the  life  of  a  «hoe  and  die, 
|0«  DiscHAJiGE. — The  flow  of  the  sand  and  water  through  the  screens  is 
^1  by  the  swash  and  splash  of  the  stamp.     Steam  stamps  give  a  greater 
Rash  than  the  gravity  stamps,  not  only  because  tliey  are  wider,  heavier,  and 
ft,  but  they  are  lifted  above  tlie  level  of  the  water  at  every  stroke.     A  stone 
ini?  in  water  stirs  the  mud  when  it  reaches  the  bottom.     A  stone  dropping 
makes  a  great  splash  and  wave  on  the  surface  in  addition  to  stirring 
below. 
height  of  discharge,  so  important  in  the  gravity  stamp  mil!,  is  alBO  of  in- 
here'.    In  ilill  44,  tlie  edge  of  the  mortar  is  13|  inches  above  tlie  new  die, 
the  edge  of  the  screen  frame  is  2i  inches  wide  then  the  height  of  discharge 
flinches  above  the  new  die.     If  the  die  wears  down  from  8  inches  high  to  4 
high,  tliis  will  make  the  height  of  discharge  20  inches  above  the  w-orn-oiit 
Again,  if  6  inches  of  rock  are  always  kept  on  the  surface  of  the  new  die, 
tiie  height  of  discharge  above  tliis  surface  w^ill  be  10  inches,  and  this  level 
aain  the  same  with  the  old  die  when  10  inches  of  rock  will  be  upon  its 

^The  area  of  discharge  is  shown  in  Table  64.     In  Mill  44,  with  four  screens 
Dd  fotir  panels  (8-^X44  inches)  in  each  screen,  the  total  screen  area  is  5,984 
fciiiire  inches.     This  has  ^V^Jtich  holes,  f  inch  center  to  center,  laid  out  in  rows 
jht  angles,  making  19.63%  holes,  or  1,175  square  inches  of  opening.     If 
holes  were  laid  ont  in  rows  at  60*^  (see  |  147),  they  would  have  22.67% 
157  square  inches  of  opening.     If  two  of  these  screens  were  blanked,  causing 
jp  to  discharge  on  tw^o  sides  only,  tlien  the  gross  screen  area  would  be 
pare  inches,  and  the  square  inches  of  opening  would  be  587,     This  last 
pening  is  about  the  running  average  of  most  of  the  stamps.     Coggin 
that,  under  precisely  the  same  conditions  in  other  respects,  discharging  on 
Tittdjei*  added  7%  increase  of  capacity  over  discharging  on  two  sides. 
1 117-  Water  Used. — ^The  amounts  of  water  used  are  given  in  Table  70.    An 
prease  of  the  quantity  of  water  will  increase  to  some  extent  the  capacity  of 
[ipi%  by  removing  ot  an  earlier  moment  the  grains  ready  to  depart  from  the 
tar.     The  incr*:aft«\  however,  is  liable  to  give  great  embarrassment  in  the  mill 
low,  where  the  wa-hing  machinery  will  be  called  upon  to  handle  the  resulting 
{ncreaied  qu.r  '  water.     The  nreiiment  for  much  water,  provided  the  wash- 

roaehfrrr  hnndic  it  pnfi^fictorily,  would  be  e^cactly  opposite  in  the 

of  *  I'  from  what  it  would  he  with  the  native 

r  ro -  I         1^  ^f  soft  sulphide,  left  to  receive  another 

r,  maj  ho  made  wholly  into  slimc^s^  while  with  native  copper  Uie  thin  leaves, 
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flakes^  and  arborescent  forms  need  a  little  more  stamping  to  break  them  up  to  a 
state  in  which  gravity  will  act  properly,  even  at  the  expense  of  some  sliming. 

It  will  be  interesting  to  compare  the  amount  of  water  used  in  these  stamps 
with  that  in  the  gravity  stamps.  The  average  quantity  of  water  used  for  gravity 
stamps  in  21  mills  in  Table  135  is  6.68  tons  water  to  one  ton  of  ore.  The  water 
quantity  used  by  the  steam  stamps,  for  the  crushing  only,  is  a  little  less  in  the 
case  of  two  mill^  and  about  four  times  as  great  in  the  case  of  a  third. 

§  118.  Capacity  of  Steam  Stamps. — The  figures  on  this  as  obtained  from 
the  mills  are  given  in  Table  70.  The  capacity  is  greater  in  those  mills  which 
crush  soft  amygdaloid  rock  than  in  those  which  crush  hard  conglomerate.  The 
capacities  for  all  the  mills  except  38,  42  and  43  are  under  the  condition  of  crush- 
ing through  a  W-i^ch  (4.76  mm.)  round  hole.. 

Experiments  made  on  hard  conglomerate  rock  of  Mill  48  gave  results  shown 
in  Table  73.     In  the  first  two  of  the  tests  the  pulp  that  issued  from  the  mortar 

TABLE  73. — CAPACITIES  OF  STEAM  STAMP  ON  ORE  OF  MILL  48. 


Size  of  Screen  in 
Mortar 

Size  of  Trommel 
Hole. 

Capacity  of  Stamp 
per  84  Hours,  (a) 

Copper  in  Tailings 
ofMiU.     ^ 

Inches. 

Inches. 

Tons. 

% 

A  round. 

None. 

841 

0.684 

None. 

875 

0.666 

A       ** 

i 

846 

0.616 

9b       ** 

i 

896 

0.617 

Jl       •• 

i 

884 

0.618 

lZ       ** 

\< 

4S7 

0.686 

Jl 

A 

489 

0.538 

Sxgslot. 

I 

421 

0.589 

u 

408 

(6)0.56 

(a)  This  does  not  include  the  returned  oversise  of  the  troounel.    (&)  In  this  test  there  wms  a  great  deal  of 
choking  in  the  jigs  by  long  pieces  of  rock. 

passed  directly  to  hydraulic  classifiers  and  thence  to  jigs  as  in  the  usual  scheme 
of  Lake  Superior  mills.  In  the  rest  of  the  tests,  however,  the  pulp  from  the 
mortar  passed  first  to  a  little  hydraulic  classifier  with  one  spigot.     This  took 
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i>  Bottom  of  tA]  ■ 

FIG.  81. — INDICATOR  CARDS  AND  VELOCITY  CARD  OF  OLD  BALL  STAMP. 


out  of  the  total  pulp  only  a  small  percentage  as  a  spigot  product  consisting  of 
rich  copper  concentrates.    The  remainder  went  over  as  overflow  to  a  trommel 


-,  The  oversize  of  thi&  trommel,  tiniounting  to  about  20%  in 
.  1  c  -inch  Hcreerj  U  ui^ed  ui  (lie  mortar,  was  n4urnrd  to  the  mortar 
jkrraii  H«'Vnt*»r.  Tlw  uiulcr^izc  of  iht*  trummd  passed  to  i\w  rlnj^sifiers  and  jigs* 
III  hi  thf  ohl  si^heme.  The  table  i^hows  not  only  an  increased  rapacity  by  the 
JDev  s<.*heme  but  also  a  decrease  in  the  copper  lost  in  the  tailingg  of  the  mill, 
|0a  soft  amygdaloid  rock  of  Mill  4G,  using  a  |V  -inch  round  hole  screen  in  the 
artir  and  a  i-inch  trommel;  the  capacity  was  487  tons  in  24  hours  and  the 
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FIO.  82. — INDICATOR  CAHD  OF  LEAVITT  STAMP. 

utage  of  copper  in  the  mill  tailings  was  0.196.     The  mortar  used  was] 
,  that  15,  cylindrical,  having  a  curved  screen,* 
§119.  PowEft  AKD  Efficiency, — From  the  indicator  cards  given  in  Figs, 
dl,  8^,  84,  S5,  80  and  87,  and  the  data  given  in  Table  70  the  horse  powere  have 

TABLE  74. — POWER  FOB  STEAM  STAMPS. 


mo  or 
▲udioffftj. 

Kind  of 
Stomp, 

Indicated  Horse  Power. 

Up  Stroke*. 

Down  Stroke. 

ToUl 

u 

40 

Old  Ball 

N«wBiUi 

LeftvlU 

A«i«. 

S4 

35 
46 
08 

47 
(a)  103 

m 

81 
98 
149 

171 

^Th*  to^  of  the  upper  end,  calcsalAted  from  Urn  card  in  FIk.  m,  is  149  bone  power,  but  of  this,  40  horse 
"I  vmtd  In  eompmiiiiff  §timm  in  the  lower  cylinder  and  receiver  and  la  used  later  for  liftitij?  tbe  pfBtoti  on 


^^  much  less  than  the  slide  valves.     It  should  be  noted  here 
i  horse  power  does  not  take  account  of  clearance,  which  increases 


hsen  computed  and  are  given  in  Table  74.     Fraeer  &  Chalmers  estimate  3  horse 
fOW^T  for  m^tTing  the  valves  and  rotating  the  stem.     The  Allis  balanced  valve 

tliitt 

the  9iesm  consumption  and  which  is  largest  in  the  Ball  stamp  and  least  in  the 
"  iTitt 
Tftbkfi  75  and  76  show  the  relative  efficiency  of  the  various  types  of  steam 
prh  respect  to  the  weight  acting  per  square  inch  of  shoe  area,  the  tons 
&r  horse  power  per  24  hours,  the  velocity  at  the  time  of  striking  the 

B  tteAl»>v«  tlieiMw  «filom  bM  beoo  iatroduced  into  tbe  d«w  Otoeola  mUi  and  into  tbe  new 
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a  Tim*  ^ 

FIO.  83. — ^VELOCITY  CARD  OP  THE  LEAVITT  STAMP. 


Ho.  B  itanv  of  mill  46^ 

Are*  of  OBtd,  i.706  iq.  liMiMiL 

XiBBffth  of  flwd,  S.77i  iiieliaa. 

AYtns*  belfhi  1.M73  Iim1m«l 

&»leo(ppriBc,60. 

Jfaan  •ffedife  pTMiDif^  6K.971!«,  pCT  10,  iMh. 


FIG.  84. — INDICATOR  CARD  OP  THE  NEW  BALL  STAMP,  UPPER  END. 


Ko.S«bmpof0imil 
JkzM  of  flwd.  a.a  ■«.  iadhai: 
Lngth  of  flwd.  aj»  kehML 

S<»3aofSprfi«.80L 


AtiMiilJioricMDt 
FIO.  85. — ^INDICATOR  CARD  OF  THE  NEW  BALL  STAICP^  LOWtt  END. 
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no.  86. — INDICATOB  CABD  OF  THE  ALUS  STAMP,  DPPES  END. 


1 


-nibia 


Vo.  t  staap  of  mill  a 
Ana  of  amll496  tq.  tnehM. 
Lencth  of  oMd  8.MB  inchfli. 

haiffht  0.611 1 
8c«toofipriiicf0. 
Mmb  effedhre  preMim 
'9LSi  lbs.  per  sq.  indL 


""^ |E»lutBI 


FIG.  87. INDICATOB  CARD  OF  THE  ALUS  STAMP,  LOWER  END. 


TABLE   75. — ^EFFICIENCY  OF  STEAM   STAMPS. 


Mill  or 
^athority. 

DerigB  of  Stamp. 

^^T^ 

Area  of  Shoe. 

Weifrht  of  Stamp 

per  Square  Inch 

of  Shoe  Area. 

Capacity  per  94 

Hours  per 
Horse  Power. 

41 

Freaer  A  Chalmers 
Leavitt 

Pounds. 
8,500 
6,800 
6,000 
6,886 
6,410 
5,670 
6,570 
4.SU0 

Square  Inchi's. 

Pounds. 

Tons. 

44 

985.68 

18.66 

1.745 

43 

Ball 

46 

Ball 

985.68 
886.68 
986.68 
985.68 

18.83 
18.97 
10.50 
19.50 

1.786 

46 

fTuTahoni 

46 

AuS!!!^.....::::: 

1.754 

48 

AIUb 

CSo«lii.>» 

Old  Ball 

i.868 

TABLE  76. — EFFICIENCY  OF  STEAM  STAMPS. 
Abbrariatioos.— Ftsfeet;  Lbe.=pounds;  Sec.=seoonds;  Sq.=8quare. 


Dior 

D«jp 
sump. 

VelocHy 
wheo 

SMkiog 
Blow. 

Virtoal 

W^ht 
Stamp. 

Energy 

of 
Blow. 

(«) 

Energy  of 
Blow  per 
Sq.  Inch  of 
Shoe  Area. 

Foot  Lbs. 
115.^ 

Momentum  per 

Sqiiarelnohof 

Shoe  Area. 

(b) 

Kfllcieucy 

of 

Stamp. 

(c) 

firi-.l 

LMuritt 

Old  Ball.... 

FL  per  Sec. 
90 
16 

Feet 
6.91 
8.98 

Lbs. 
54100 
4,500 

Foot  Lbs. 
83.913 
17,910 

871.06 

% 

60.61 
68.74 

telObteioedtnr  mnltiplyiiig  the  weight  by  the  Tirtual  heifirht  of  fall. 
'-^^^^"^Tloel^orSrliaBgtlieblow.    (e)  Calculated  by  dividing  the 
CootpooiHliof  upand  down  stroke. 


(h)  Obtained  bv  multiplying  the 
DSflgy  of  the  blow  In  foot  pounds 
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bloW;  the  virtual  height  of  free  fall  which  would  be  necessary  in  order  for  the 
stamp  to  acquire  this  velocity,  etc.  The  column  of  efficiency  in  Table  76  in 
one  way  does  not  do  the  Ball  stamp  justice,  because  the  modem  Ball  uses  higher 
steam  pressure,  and  would  therefore  have  higher  velocity  and  possibly  higher 
efficiency.  But  on  the  other  hand,  when  we  consider  that  the  Ball  stamp  has 
very  high  clearance  and  the  Leavitt  very  low,  if  this  was  included  in  the  compu- 
tation the  disparity  would  be  much  greater.  Coggin*®  in  1886  stated  that  the 
saving  in  fuel  of  the  Leavitt  over  the  old  Ball  was  10%  and  the  gain  in  capacity 
was  25%. 


TABLE  77. — EFFICIENCY  OF  STEAM  AND  GRAVITY  STAMPS  COMPARED. 


California  itamps  {a\ . 
Colorado  stamps  (6) . . . 
Leavitt  steam  stamp . . 


Weight  of 

Stamp  per 

Square 

Inch  of 

Shoe  Area. 


Lbs. 
15.88 
13.96 
18.66 


Velocity 
when 

striking 
Blow. 


Ft.  per  Sec. 

6.06 

8.97 

80.0 


Height,  or 

Virtual 

Height  of 

FaU. 


Inches. 
6.86 
15.0 
74.5 


Energy 

of 
Blow. 


Foot  Lbs. 
489 
987 
82,918 


Energy  of 

Blow  per 

Square 

Inch  of 

Shoe  Area. 


Momentum 
|)er  Square 

Inch  of 
Shoe  Area. 


Foot  Lbs. 
8.42 
17.27 
116.2 


91.60 

124. as 
sn.os 


Capacitr 
per  24 

Hours  per 
Horse 
Power. 


Tons. 
1.7» 
(c)1.4 
1.746 


(a)  ATerage  of  24  mills  from  Table  183.    (6)  Average  of  two  mills  from  Table  138.    (c)  Only  one 
capacity. 


In  Table  77  are  given  comparative  figures  of  California  gravity  stamps^  Colo- 
rado gravity  stamps  and  the  Ijcavitt  steam  stamp,  which  is  the  only  one  on 
which  the  author  has  complete  figures.  The  table  shows  close  agreement  be- 
tween the  gravity  and  steam  stamps  in  weight  per  square  inch  in  pounds,  and 
also  in  tons  crushed  per  24  hours  per  horse  power,  but  the  other  columns  show 
the  great  power  of  the  steam  stamp  blow.  The  great  difference  in  the  sizes  of 
material  treated  by  the  two  machines  should  be  borne  in  mind  in  comparing 
tons  crushed  per  horse  power.  The  California  stamps  are  crushing  to  about 
^  inch  (0.7  mm.)  while  the  steam  stamps  are  crushing  to  -^  inch  (4.76  mm.) 

§  120.  Cost  of  Crushing  by  Steam  Stamps. — An  approximate  idea  of  cost 
may  be  obtained  from  studying  Table  78.  As  the  cost  will  vary  more  or  less 
according  to  the  conditions,  it  is  clear  that  too  much  reliance  should  not  be 
placed  on  these  figures.  Two  columns  are  given,  one  for  soft  amygdaloid  rock, 
and  one  for  hard  conglomerate  rock. 

Douglas^*  gives  for  the  Atlantic  mill  in  1892,  the  cost  of  25.09  cents  for 
stamping  and  washing  a  ton  of  rock. 

Goodale*'  states  that  the  cost  of  crushing  by  steam  stamps  is  much  less  than 
with  breakers  and  rolls  when  trommels  and  elevators  are  taken  into  account. 

§  121.  Clean  Up. — In  the  mills  stamping  native  copper  it  is  customary  to 
clean  out  the  mortar  as  soon  as  small  masses  of  copper  have  collected  enough  to 
cause  sliming  and  loss  of  copper.  The  small  mass  copper  which  has  been  hand 
picked  from  the  feed  chute  and  has  rock  adhering  to  it,  is  fed  into  the  mortar 
just  before  cleaning,  to  sever  the  rock  from  it.  The  stamp  is  then  stopped  and 
held  at  the  top  of  its  stroke  while  the  screen  is  removed  and  the  accumulation 
called  cover  work  is  taken  out.  The  periods  at  which  cleaning  up  occurs  are  as 
follows:  Mill  44,  12  hours;  Mill  45,  periodically;  Mill  46,  8  hours;  Mill  47,  6  to 
12  hours;  Mill  48,  3  days  (when  shoe  is  changed). 

§  122.  Uses  for  which  Steam  Stamps  are  Adapted,  and  Quality  of 
THEIR  Work. — These  machines  are  the  most  powerful  crushers  Imown.  For 
rock  carrying  native  copper  they  seem  indispensable,  even  though  they  slime  a 
great  deal  of  copper.    For  crushing  brittle  ores  preparatory  to  jigging^  engineers 
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of  the  opinion  that  thoy  slime  the  ore  too  much.     The  stamps 

..vjver,  on  brittle  ores  in  three  mills,  (38,  42  and  43)  ;  of  thege.  Mill 

13  has  just  been  rebuilt  to  use  rolle  for  crushing.  Mill  38  seldom  uses  the  Btamp, 


TABLE  7B. — ESTIMATED  COST  OF  CRUSHING  BY  STEAM  6TAMPS. 


Average  Cost  per  Ton  Cnished. 

On  Amygdalord  Bock. 

On  OouiclonierttU) 
Bock. 

Labor  (a) , .,...» 

Poiir«r  (6),  .*,.,..«•••.«....•• 

flcjneeiutc) •..»* 

BlK^ifdi ,,, 

Cftnte. 
KtlOO 

18J&S 
0.139 
0.475 
0.054 
O.Oil 
0.071 

OBOtS. 

K846 
IS. 159 
0.^8 

2,aso 
ojia 

0.086 
0.10S 
0385 

1.680                1 

Oymtdu. ,..„ 

ISS'^:::::::::::::::::::: 
»K?(n::::.-::::::::::::: 

t^tol..., ♦.* 

10.556 

10.878 

Ifl  trnhm  to  taMd  on  Uie  Ail4L]itJc  mtili«,  wher«^  about.  13  ih^d,  who  are  probably  paid  an  averaf^  of  f9 
lltfU  fltfv  fvgtilFDd  to  mo  flvr<  nrjiiriD«.  From  Table  TO.  five  nttunim  wiU  treat  about  1.500  toDs  of  amygdAr 
ttfwMnmt  I  JoO  ton*  r>r  oof!  -  n^^r^i  hours,    ibi  Pow^r  fnun  K»?nt«  in  aasumed  to  cost  S06.T^  per 

»  pomtmt  per  y^mf  oT  90li  Ua  um  «acb.    Table  TS  shows  MiaI  the  stain p«  treat  an  avc^aise  of  1.784 

nBaHri#bott7«pi9r}:u>rxc>  f  r  screena  th*?  unpunchwl  fttwlplatt?  is  assumed  to  cost  4  i.'eQts  per 

■IMil  Mii  PWIIf  tlillir  to  •  |Uam  foot.    Screen  area  tiDil  life  are  takf*u  ftTftu  Table  04,  befofr  ao 

•iinfP  €C  wis  #r«o  >  ^it«  roek,  and  of  Millii  4:^  i5.  47  and  th*^  Atlnntio  for  amygdaloid. 

lACMifll  ««ltf  of  i^i' ^'»  ivei«%  in  poua  lij  per  tou  crush>.Ml  la  takea  rroin  Tables  66,  67,  66  and  09, 

IPii  41  ■«•!  4$  tor  <  45,  4a  aod  47  for  am  vjsrdah lid.     The  cost  is  floured  by  Msumiog  the 

mm  mill  lO  OtWk  <  UowiniF  nothiuj?  for  t h'p  w<  ^motit  partii.    («)  fUDpairs  aro  Mtlniated  to 

•VOaal^lOAlMMat  .v^ra^titaaipiiiMtiiuateii  to  crush  about  TSLOoO  tooa  per  vear.    (/) 

nimpt^r  In  iflmi  r  r  1  'f  r  n  i   Iwut  a*  liif  ures  to  cost  ^  per  hor^  power  per  year  of  908  days  of  84  houri 
nrti,  flfid  it  li  fktftlier  aoamned  that  C!S  tous  <«f  water  are  lifted  100  feet  for  every  too  of  ore  stamped. 
•  Keut'9  '*  Mech-  Eng.  Pocketbook/'  p.  TOO. 


&4  Mill  42  sMtles  the  whole  of  its  fine  overflow  sliraes  as  smelting  ore.*     Table 
Fhtrw»  Irj  what  extent  the  ore  is  slimed.     It  is  interesting  to  compare  thia 
liDg  test  with  that  of  the  same  ore  in  §  97  crushed  by  breakers  and  rolls. 


79^ — SIZING  TEST  ON  BUTTE  OBB   CRCSHED    BY   STEAM    STAMPS*^ 
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8.1 
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18.9 
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40.8 

lam  stamps  have  not  proved  successful  for  stamping  gold  ore. 
*r\n\  at  thr  Rlnc^k  \]\]h''  •"'^  ^^  showed  that  the  stamp  crushed 
i^er  of  platen  with  which  it  was  prnviilcd,  also  that  the  jar, 
nnl  ihi*  amalgam  «^n  the  plates:  but  the  former  difficulty 
liave  btH?n  overcome  by  centrifugal  pumps  and  banks  of  plates  ffnd  the 

Ltii««i«lHiv**  Ui«*  Nit«*aiii  "•taiititia  hf%vi*  Imvh  taktfd  iHit  of  Mllla  38  ittid  48,  attd  the  cniihlci^  h 
I  mltfi     Kill)  4&  will  prnljably  foUoW  suit. 
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latter  by  suitable  framing.  The  stamp  used  had  an  11-inch  cylinder,  and 
22-inch  stroke,  made  95  strokes  per  minute  and  used  900  gallons  (3.75  tons) 
of  water  per  ton  of  ore.  The  steam  pressure  was  85  pounds  per  square  inch 
and  the  capacity  was  125  to  135  tons  per  24  hours,  crushing  through  a  No.  7 
needle  (0.024  inch)  slot  screen.  With  a  steam  pressure  of  110  pounds  the 
capacity  rose  to  192  tons  per  24  hours.  The  screen  lasted  six  days.  A  finer 
screen  caused  the  ore  to  bank  in  the  battery  and  break  the  screen.  On  account 
of  scouring  action  no  inside  plates  could  be  used.  The  outside  plates  wece  12 
feet  long,  4  feet  wide,  and  sloped  IJ  inches  per  foot.  The  capacity  per  unit 
of  fuel  was  the  same  as  with  the  Homestake  (gravity)  stamp,  but  the  latter 
crushed  finer,  which  is  to  its  advantage. 

The  suggestion  has  been  made  to  the  author  to  use  a  large  steam  stamp  to 
reduce  gold  ore,  to  say  ^  inch  in  size,  and  Huntington  mill,  or  some  similar 
mill,  to  take  the  coarser  portion  and  bring  that  down  to  gold  mill  sizes.  This 
would  make  a  much  more  compact  plant  than  the  usual  gravity  stamps. 

Small  Steam  Stamps. 

§  123.  Small  Steam  Stamps  have  been  designed  for  gold  milling  and 
prospecting.  The  special  advantages  which  they  offer  for  this  purpose  are: 
they  have  light  weight  for  transportation;  they  can  be  quickly  erected  without 
a  permanent  building  and  as  quickly  dismounted;  on  these  accounts  they  are 
particularly  valuable  for  tiding  over  the  period  of  doubt  in  starting  new  enter- 
prises. Among  the  designs  that  have  been  brought  forward  are  the  Tremain, 
the  Sharpneck,  the  Hammond  and  the  Wood.  The  first  is  a  good  representa- 
tive of  the  class  and  will  therefore  be  described. 

§  124.  The  Tremain  Steam  Stamp  Mill  (see  Figs.  88a  and  886),  is  a  light 
battery  with  two  steam  driven  stamps,  especially  adapted  for  proving  up  prop- 
erties, but  which  may  also  prove  suitable  for  permanent  milling.  The  informa- 
tion obtained  is  mainly  derived  from  Gates  Iron  Works  Catalogue,  No.  8. 
Sperry^'  gives  results  derived  from  a  year's  work  with  one  of  these  mills. 

The  mill  has  two  stamps  in  one  mortar,  each  weighing  300  pounds.  The 
stamp  drops  from  5  to  8  inches.  The  mortar  has  a  base  23^X21^  inches.  The 
inside  dimension  at  the  discharge  lip  is  12X20  inches,  the  outside  at  the  lip 
is  14X24  inches.  On  the  top  are  four  sockets,  into  which  four  iron  rods  are 
keyed ;  upon  the  upper  ends  of  these  rods,  long  screw  threads  are  cut  and  the 
two  steam  cylinders  in  one  casting  are  held  in  place  by  lock  nuts  above  and 
below,  thus  giving  an  easy  vertical  adjustment  of  the  same.  The  casting  com- 
prising the  two  cylinders  is  hung  on  two  trunnions,  giving  it  perfect  freedom 
to  line  itself  with  the  stamp  guides  below.  Lower  down,  on  the  two  rear  rods, 
the  wooden  stamp  guides  and  the  automatic  feeder  (not  shown),  are  attached. 
For  the  latter  either  a  Hendy,  a  Tulloek  or  a  special  Gates  feeder  may  be  used. 

The  shoe  and  die  are  7^  inches  diameter.  The  new  shoe  weighs  112  pounds 
and  is  9  inches  high.  The  new  die  weighs  62  pounds  and  is  5  inches  high,  with 
discharge  lip  2  inches  above  it.  This  Mr.  Sperry  raised  to  6  inches  by  a  4-inch 
chuck  block.  The  area  of  the  screens,  whiqn  are  placed  at  the  ends  and  front 
of  the  mortar,  is  640  square  inches  outside  the  frames.  The  net  sizes  of  screens 
inside  the  frames  are:  One  front  screen,  12X19^  inches,  234  square  inches; 
two  side  screens,  each  12X8  inches,  192  square  inches;  total,  426  square  inches. 
The  raising  of  the  height  of  discharge  reduced  this  to  256  square  inches,  but 
did  not  materially  affect  the  speed  of  crushing.  The  screen  slopes  ll**.  Sperry 
used  a  20-me8h  iron  wire  screen  which  lasted  150  to  250  hours,  or  for  75  to  125 
tons,  when  it  would  break  along  the  lower  member  of  the  screen  frame.  The 
frame  can  then  be  inverted  and  used  until  the  other  edge  breaks.    The  shoe 
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does  the  duty  of  the  boss  and  shoe  together  of  the  California  gravity  stamp. 
The  rough  cast  conical  socket  in  the  upper  end  is  fitted  to  the  turned  conical 
end  of  the  stem  by  brass  shims. 

A  collar  bolted  to  a  recess  in  the  stem  serves  to  actuate  the  feeder.  This 
collar  is  made  cup-shaped  to  keep  the  cylinder  oil  from  the  amalgam.  A  care- 
ful engineer  who  feeds  the  required  amount  of  oil — namely,  one  drop  in  three 
to  five  minutes — will  have  no  trouble  with  the  amalgamated  plates.  Cotton 
waste,  soap  chips  and  pearl  ine,  to  catch  and  emulsify  cylinder  oil,  may  be  used. 

The  stamp  shaft  revolves  accidentally  either  way.  It  has,  however,  three  slots 
or  key  seats  with  wooden  keys  to  run  in  the  same,  to  be  used  in  case  the  stamp 
persists  in  dropping  in  one  position.  When  this  happens,  the  shaft  is  revolved 
to  the  opposite  position  and  held  there  by  the  wooden  key  until  the  difficulty  is 
overcome.  Shoes  and  dies  wear  equal  amounts  and  very  evenly.  Sperry  found 
the  wear  to  be  about  ^  inch  or  10  pounds  per  100  tons.  The  available  wearing 
length  of  the  shoe  is  4^  inches,  that  is,  up  to  the  bottom  of  the  socket  for  the  stem. 

The  stamp  is  self-contained,  bolted  together  in  one  compact  part  and  has  a 
total  height  of  7  feet  6  inches.  The  piston  is  5|  inches  diameter,  with  three 
sets  of  piston  rings  to  make  it  tight;  the  rod  is  4  inches  diameter;  the  total 
striking  weight  of  piston,  stem  and  shoe  is  300  pounds  when  the  shoe  is  new. 
Each  stamp  can,  with  100  pounds  per  square  inch  pressure  of  steam,  make  200 
strokes  per  minute  of  6  inches  in  height.  The  stroke  can  be  increased  to  6| 
inches  and  decreased  to  5  inches,  and  even  less  if  necessary.  It  is  maintained 
constant  in  running  by  adjusting  the  cylinder.  The  number  of  drops  per 
minute  varies  with  the  steam  pressure  in  the  boiler.  For  a  6-inch  stroke  it  is 
as  given  in  Table  80. 

TABLE   80. — NUMBER  OF  DROPS   OF  A  TREMAIN   STAMP. 


Boiler  Pressure  per  Square  Inch. 
Pounds. 

Number  of  Drops  of  Each  Stamp 
per  Minute. 

60 
80 
100 

140 
180 
900 

The  two  cylinders  are  alternately  fed  witb  steam  below  the  pistons,  having 
an  annular  area  of  11.19  square  inches.  As  the  lower  edge  of  No.  1  piston 
reaches  a  point  1.7  inches  from  the  top  of  its  stroke,  it  passes  a  port  into  which 
the  live  steam  rushes  and  throws  the  main  slide  valve.  The  throwing  of  this 
valve  produces  simultaneously  the  following  actions:  (1)  It  cuts  oflf  the  steam 
from  the  under  part  of  No.  1  cylinder;  (2)  it  connects  the  under  part  of  No.  1 
cylinder  with  the  upper  part;  (3)  it  closes  the  exhaust  port  of  the  upper  part 
of  No.  1  cylinder;  (4)  it  opens  steam  feed  to  the  under  part  of  No.  2  cylinder; 
(6)  it  opens  the  exhaust  port  to  the  upper  part  of  No.  2  cylinder;  (6)  it  breaks 
the  connection  between  the  upper  and  under  parts  of  No.  2  cylinder.  A  differ- 
ential action  then  takes  place  in  No.  1  cylinder;  the  steam  is  pressing  down  on 
23.76  square  inches  of  surface  while  it  is  pressing  upward  on  only  11.19  square 
inches.  There  results  a  cushioDing  of  the  up  stroke  followed  by  a  rapid  and 
powerful  down  stroke  in  which  the  steam  acts  wholly  expansively.  The  throw 
of  the  valve  to  admit  steam  below  No.  1  piston  is  caused  by  No.  2  piston  and  it 
takes  place  after  the  blow  is  struck  by  No.  1  piston  and  stem.  The  cycle  of 
No.  2  piston  is  precisely  the  same.  The  blow  is  said  to  be  equal  to  that  of  an 
800  or  1,000-pound  gravity  stamp  falling  8  inches. 

The  capacity  of  crushing  through  40-mesh  is  given  by  Gates  as  8  to  20  tons 
per  24  hours  according  to  the  rock,  average  10  to  15  tons  for  ordinary  quartz, 
consuming,  according  to  speed,  7  to  10  horse  power.    Oates  furnishes  either 
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<»wer  boilt?r,  but  rot'oramends  thp  latter,  to  meet  tho  extra  calls 

T,  for  example*  punijiing  water  for  the  milL     One  cord  of  good 

iin  it  'H  hours  and  IJ  miners  inches,  or  800  gallons  of  water  per 

It  ijs  better  to  allow  l\000  galloDs  if  it  is  to  be  had.    Sperry  found 

^Si  tons  on  hard  and  15}.2  tons  on  soft  quartz  ore  through  20 

,^  ,  *  i  ...  .ifs;  he  needed  3,000  gallons,  or  12^  tons  water  per  ton  ore  when 

pistes  sloped  1^  inches  per  foot,  owing  to  much  iron  in  the  ore,  but  reduced 

1,(M>0  gallons  or  4  tons  water  per  ton  ore  by  adopting  2  inches  per  foot 

of  iipr»>n  plates. 

lat  80%  of  the  total  amalgam  is  caught  on  the  lip  plate  and  inside 

T  t-'Tnall  plates  in  the  corners.     Sperry  found  the  scour  on  the;?e 

it,  even  when  protected  by  a  screen,  also  that  a  plate  up  on 

was  not  satiijfactory,  so  that  ver}^  little  amalgamation  was 

bed  inaide  the  mortar*     Gates  now  recommends  a  plate  at  the  rear 

_  pi*.     Bperry  found  that  he  used  2.4  cords  dry  spruce  and  pine  per  *i4 

oors,  or  ^  cord  of  wood  per  ton  of  ore.     This  indicates  12  horse  power  re- 

i\  for  his  stamps,  but  it  could  have  beeen  greatly  reduced  if  the  boiler  had 

>rovernd  with  non-conductor. 

[►  mill  can  he  erected  in  four  to  eight  days.     It  is  made  in  two 
fom  iJe  or  not.     The  machine  weighs  3,300  pounds,  is  complete  in  itself 

ttt^'ds  a  •subs'tantial  mortar  block, 
obtained  from  Gunnison    (Colorado)    ore  stamped  through  20-mesh 
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be  or^   by   cnn'ful    laboratory   t^et,   yielded   48   to    60%^   average   50%,   of 

^Jd  to  amalgamation.     The  mill  yield  ranged  from  40  to  55%,  averaging 

Puririg  the  last  month  the  laboratory  test  yielded  52%   and  the  mill 

on  and  M.  C.  Davis,  of  Wolf  Creek,  Oregon,  each  of  whom  had 
ran  ne  fnr  a  year,  testify  that  there  has  been  no  expense  for  repairs, 

whil     - ,         t^  only  expense  during  a  year,  wa^s  for  a  few  bolts. 

The  m4ichine  has  to  W  properly  cared  for  in  order  to  do  good  work.  If  the 
^r  ....  trrid  dies  are  not  nf  the  game  height  for  both  stems,  it  will  give  trouble. 
|]  I   reaiK>ns  it  has  been  condemned  by  some  who  have  attempted  to  run  it 

itj  im-  uac^leas,  go-a&-you-please  fashion  which  fiTMjuently  occurs  with  gravity 
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aim  t«  get  the  heavy  blow  and  high  speed  of  the  light 
\  ith  the  simplicity  and  economy  of  power  of  fall  stamps 
i>Ttj  driving  manv  stam[>s  by  one  engine  of  economical  design.     Power 
T  Kv-  crank,  connecting  rod,  cross  head,  air  cylinder  or  spring  to  the 
I  •%*rV  to  deliver  their  blows  at  high  velocity  before  the  crank 
-    r  dead  center,  and  partly  tm  \h\<^  account  and  partly  also 
heiglit  of  rocif  upon  the  die,  they  ret^uire  an  clastic  co\\.- 


MO 
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nectinn  betwepn  the  cross  head  and  the  stamp  head  which  etrikcs  the  blow. 
The  design  of  a  satisfactory  clastic  connection  hae  l>een  the  chief  oh^taele  to  the! 
introduction  of  thes^*  stamps;  beside,  they  all  have  high  costs  for  fepairs,     They| 
are  suited  for  medium  rather  than  fine  crushing,  owing  to  the  dilhculty  of  using 
fine  screcDs  on  large  surfaces.    Brief  mention  will  be  made  of  several  varietiesl 
of  these  stamps. 
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FIO.    89a. — PH(EN1X    AT^OsriLEElU    STAMP, 


§126.  The  Phcenitc  Atmospheric  Stamp. — For  many  years  a  pneumatioj 
stamp  was  used  on  native  copper  rock  at  the  Phopnix  mine  of  Lake  Superior. 
Its  discontinuance  there  was  due  to  the  shutting  down  of  the  mine.     In  this  | 
stamp  (see  Figs,  89a  and  89?)),  the  stamp  heads  are  air  cvlinders  with  piston?, 
the  rods  of  which  are  given  a  reciprocating  motion  in  guides  by  a  crank  shaft. 
The  motion  is  comniunicnted  to  the  stamp  liead  hy  the  conipression  of  the  air  ' 
aUerurjtely  above  and  he)<w  the  piston.     At  the  lower  end  of  the  cylinder  or  ' 
stump  head  is  attached  the  shoe  which  takes  the  wcjir.     Tlic  mortar,  dies  ainl 
scrLviis  are  mounted  rnuth  in  tbr  >ame  way  as  in  a  (California  gohl  stamp  mMI. 
oxcopt  that  BIX  stamps  are  used  iu  a  niurtar  instead  tif  five.     The  crank  shaft 
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^  which  divide  ffiually  the  circle.     The  order  of  drop  appears  from 

ht»  I,  11^  3,  .5,  2,  4,     Each  hattcry  has  iU  own  indepondcnt  engine 

ItacbLHi  to  it-     The  cvlinders  have  stnJTing  boxes  above  and  are  stopped  off  air 

"  '     at  H  inches  down»  giving  the  pibton^  which  is  4J  inches  in  diameter,  a 

3er  14  inches  long  in  which  to  travel.     The  whole  length  of  the  head,  w^ith 

'^*-** ^   d,  ig  54  inches-    The  head  runs  in  guides  in  the  cover  of  the  mortar. 

^  each  have  two  sets  of  ^mall  holes  for  admission  and  emission  of  J 
iiJ'Hj  ensure  a  more  elastic  air  cushion,  increase  the  force  of  the  blow  and 
reduce  the  jar  and  noise.     The  stamp  strikes  130  blows  per  ininnte  and  the  six 
gtjui  t*  40  tons  of  amygdaloid  rock  in  24  hours  to  pass  through  a  ^-xnch 

dmri  -,     The  mill  is  said  to  be  expensive  in  repairs, 

K  PxEriiATic  ST.01F. — This  stamp  was  used  at  the  Hecla  tail  house 

of  t:,:  '  ,.,  .iiict  &  Hccia  Co.  for  many  years  to  crush  includtd  grains  of  native 
Clipper  from  A  inch  in  diameter  down  to  yV  ^^^^^  ^^  diameter.  The  machine 
r«a  mouDtcd  one  stamp  to  a  mortar  much  like  a  sn^all-sized  Ball  steam  stamp.  - 
The  trmSDe  consisted  of  two  strong  posts  with  cross  timbers  to  guide  the  stampi 
rod  and  cro^s  head,  and  at  the  top  having  a  shaft,  a  driving  pulley,  a  fly-wheel 
and  B  crank.  The  power  from  the  crank  was  conveyed  by  connecting  rod  and 
ero^""  a  large  piston  playing  up  and  down  in  a  pneumatic  cylinder  some- 

ilaii^  :  inches  diameter  and  20  inches  long.     The  condition  of  the  lifting 

air  cu^hjon  and  striking  air  cushion  was  regulated  by  placing  adnjission  ebecK| 
ralTpfi  and  emission  check  valves  as  well  as  air  cocks  in  suitable  places  in  the 
pall  of  the  cylinder,  the  idea  being  to  strike  a  hard  blow  and  at  the  same  time 
the  cylinder  as  high  as  possible.  This  pneumatic  cylind<?r  w^as  con- 
with  the  gtamp  rod,  which  was  widened  below  and  keyed  to  the  shoe  in 
►  Bianiier  as  the  Ball  stamp.     The  capacity  of  this  stamp  was  15  to25  tons 

hours,  crushed  to  pass  through  a  -|^-inch  hole,  according  to  the  condition 

the  shoe  and  the  care  with  which  it  was  fed.  Its  best  work  was  done  with  a 
Iyer  ^  inch  thick  on  the  die.  This  stamp  was  finally  replaced  by  Heberli  mills, 
^hich  required  less  repairs  and  had  greater  capacity. 

The  Husband  axd  Sholl  Stamps  are  of  this  class  and  are  much  iftce  the 
Kraase  stamp.     The  Husband  stamp  has  a  constant  stream  of  water  flowing 
|l        _'   "'      v'  ■  'H  to  keep  it  coq].     A  battery  of  four  Husband  stamps  crushed 
rately  hard  Cornish  tin  ore  in  2A  hours  through  a  No.  3G  screen, 
1K:,l:  indicated  horse  power.     The  cost  of  repairs  for  12  months,  including 
and  dies,  was  9  cents  per  ton^*. 

ifiisoK's  High  Speed  Stamp  is  a  recent  invention  and  combines  the  prin- 

of  a  pneumatic  and  gravity  stamp. 

g  1S7-  Spbino  Stamps  replace  the  cylinder  and  piston  of  the  pneumatic  stamp 

"  '"-ni  of  spring.     Three  designs  of  this  class  of  stamps  are  here  noted : 

*T,  the  Patterson  Elephant  ore  stamp,  and  Dunhara^s  spring  stamp. 

Hi:  r..>iibecker  stamp  was  used  many  years  at  the  Calumet  &  Hecla  tail 

for  crushing  included  grains,  -j^-inch  maximum  diameter,  to  about  iV^'^ch 

nK'ter.     In  this,  the  flexible  connection  was  made  by  a  spring  somewhat  like 

eairiftge  gpring'  consisting  of  many  layers  of  rubber  belt,  wound  in  elliptieal 

;n.     The  *^  met  with  in  this  machine  lay  in  the  heating  of  the  spring, 

/,  after  it  h  i  run  a  few  hours,  it  had  to  be  stopped  to  cool  off.     The 

ibbCT*  ttlw  rapidly  deteriorated.     For  this  reason  it  was  replaced  by  the  Krause 

mniic  stamp. 


142  ORE  DRESaiNG, 

Bibliography  for  Stkam  Stamps. 

1.  Bilharz,  O.,   (1896),  **Mech.  Aufbereitung,"  Vol.  I.,  p.   107.     Description,  power  and 

capacity  of  Ball  stamp. 

2.  Egleston,  T.,   (1887),  ^'Metallurgy."  Vol.  I.,  p.  193.     Description  of  Ball  stamp  with 

wear,  cost,  power,  etc. 

3.  Foster,  C.  Le  N.,  (1894),  "Ore  and  Stone  Mining,"  p.  551.     Short  description  of  Ball 

and  Leavitt  stamps,  giving  capacities. 

4.  Gaetzschmann,  M.  F.,    (1864  and  1872),  "Aufbereitung,"  Vol.  I.,  pp.  255,  272;   Vol. 

II.,  pp.  642,  645,  653.     Various  notes  on  the  Ball  and  the  Wilson  steam  stamps. 
6.  Hunt,  R.,    (1884),  "British  Mining,"   p.   734.     Description   of  Wilson's   small   steam 
stamp. 

6.  Lock,  A.  G.,  (1882),  "Gold,"  p.  1021.     Description  of  Fisher's  rotating  bed  steam  stamp 

mill. 

7.  Louis,  H.,  (1894),  "Gold  Milling,"  p.  247.     Steam  stamps  are  compared  with  gravity 

stamps  for  gold  milling. 

8.  Rickard,  T.  A.,    (1897),  "Stamp  Milling,"  pp.   97,   247.     Results  of  trial   of  steam 

stamp  for  gold  ores  in  Black  Hills.     Its  disadvantages  for  this  work. 

9.  Rose,  T.  K.,  (1894),  "Gold,"  p.  145.     Short  description  and  discussion  of  applicability 

and  advantages  of  large  steam  stamps. 


la  Am,  Soc.  Mech.  Eng,,  Vol.  VI.,  (1885),  p.  370.     F.  G.  Coggin.    Discussion  of  construc- 
tion and  economy  of  Ball  and  Leavitt  stamps. 

11.  Am.  Inst.  Min,  Eng,,  Vol.  II.,   (1874),  p.  208.    J.  F.  Blandy.    Capacity  and  cost  of 

Ball  stamp. 

12.  Ibid.,  Vol.  v.,   (1877),  p.  587.    C.  M.  Rolker.    DeUils  of  construction  and  wear  of 

Ball  stainp. 

13.  Ibid.,  Vol.  VI.,  (1877),  p.  305.    T.  Egleston.    Cost  of  stamping  and  washing  at  the 

Allouez  mine. 

14.  Ibid.,  Vol.  XXII.,   (1893),  p.  323.    J.  Douglas,  Jr.    Cost  and  labor  used  at  Atlantic 

mill  for  Ball  stamps. 
16.  Ibid.,  Vol.  XXVL,  (1896),  p.  645.    E.  W.  Sperry.    Description  of  and  results  obtained 
by  a  Tremain  stamp. 

16.  Ibid.,  p.  607.     C.  W.  (joodale.     Comparison  of  steam  stamps  and  rolls. 

17.  Coll.  Eng.,  Vol.  XVII.,   (1896),  p.  158.    No  author.    Description  of  Tremain  steam 

stamp. 

18.  Dingier 8  Polyt.  Jour.,  Vol.  261,  (1886),  p.  239.    Abstract  from  Am,  Soc,  Mech.  Eng., 

Vol.  VI,  p  320. 

19.  Engineering,  Vol.  XLI.,   (1886),  pp.  119,  130,  201.    Abridgment  of  Am.  Soc,  Mech, 

Eng.,  Vol.  VI.,  p.  370. 

20.  Eng.  and  Min,  Jour.,  Vol.  XVIL,   (1874),  p.  401.    Similar  to  A.  I.  M,  E,,  Vol.  II., 

p.  208, 

21.  Ibid.,  Vol.  XXII.,   (1876),  p.  359.    No  author.    Deteiled  description  of  Ball  stamp, 

Tirith  costs 

22.  Ibid.,  Vol.  xkllL,   (1877),  p.  274.     Similar  to  A.  I.  M,  E,,  Vol.  V.,  p.  587. 

23.  Ibid.,  Vol.  XXXVII.,   (1884),  p.  445.     No  author.    Description  of  Sharpneck's  small 

steam  stamp  for  gold  milling. 

24.  Ibid.,  Vol.  XXXVIII.,   (1884),  p.  17.     No  author.    Dimensions  and  capacity  of  the 

Ball  and  Leavitt  stamps  at  the  Calumet  &  Hecla  mill. 
26.  Ibid.,  Vol.  XLI.,  (1886),  p.  210.     F.  G.  OJggin.     Similar  to  Am,  Soc,  Mech.  Eng.,  Vol. 
VI.,  p.  370. 

26.  Ibid.,  Vol.  XLV.,   (1888),  p.  70.    No  author.    Description  and  drawing  of  the  Al lis 

stamp. 

27.  Ibid.,  Vol.  XLVL,  (1888),  p.  453.     No  author.     Note  on  substitution  of  heavy  mortar 

beds  for  spilng  timbers. 

28.  Ibid.,  Vol.  LX.,  (1895).  p.  250.     T.  A.  Rickard.     Results  obtained  with  a  steam  stamp 

on  gold  ores  in  the  Black  Hills. 

29.  Inst.  Civ.  Eng.,  Vol.  CXIV.,  (1893),  p.  133.     M.  B.  Jamieson  and  John  Howell.     Note 

on  the  steam  stamps  used  at  Broken  Hill,  New  South  Wales. 

30.  L,  Superior  Min.  Inst.,  Vol.  II.,   (1894),  p.  97.     F.  F.  Sharpless.     Figures  comparing 

Ball,  Leavitt  and  Allis  stamps. 

31.  Min.  d  Sci.  Press,  Vol.  LXXV.,  (1897),  p.  483.    No  author.    Description  and  capacity 

of  Allis  steam  stamp. 

32.  Oest.  Zeii.,  Vol.  XXXVI.,    (1888),  p.  201.    K.  Barth.    Description  of  Ball,  Leavitt 

and  Allis  stamps. 

33.  Pract.  Mech,  Jour.,  (1871),  p.  348. 


STBAM,  PJiBlTMATIC  ANJ}  SPiUNG  STAMPS. 


149 


(ijrii»oi^>  Rrp.,  (18TCI).  p.  mi.     W.  V,  Blake,     Also  (1872)   p.  ^X     W.  A.  Skidmorc, 
HtftK  give  tir^cription  ami  «*upiU'ily  of  Wilsoirs  two  stamp  sutenni  bftttery  for  gold 

S5.  r  Huft.    u.   Halinrnucscn.   Vol.   XXVI..    (l«7H),   p.    144,     K.    Althiins.     De- 

ri jind  cjipacity  of  Ball  dtaaip.     C^ottiparl&uu  with  othter  form^  af  t^tauipa. 
9C  ib^.  Vol.  XX\an.,   ri»80).  p.  213.    C.  Mosler.     Description  of  Ball  stamp. 

lituiinGUAPUY  rott  S put  no  a\'D  Pneumatic  Stamps. 

3T.  Daiiw,  D.  C.    11880  k  *'MctaL  Min.  iind   Mining,"  p.  353.     Description  of  Husband 

«nd  ShoU  pneumatic  stamps  and  the  Patterson  spring  stamp. 
39.  Fotter,  C  Ij^  N.,   riSIM).  "Ore  and  Stone  Mining,"  p.  55L     Short  description  of  the  I 

HiitfaaLiid  pneumatic  and  the  Patterson  spring  stamps. 
3^,  C3««t<9ehmann,  M,  F..  (1H72).  "Aufbcreitung,"  Vol.  II. ,  p.  646.     Description  of  Hughes' 

p«i«iimatic  ^tatnp. 
iO.  Himt.  R,,  (J8U4K  "liritish  Mining."  p.  734.    Description  of  HusbAiid  &nd  Sholl  pneu- 

mfttle  stamps  and  the  Patterson  spring  stamp. 
Kunluirdt,  W.  B.,    (18IKJ).  "Ore  Dresninj^,"  p,  50.     Description,  capacity,  advantages j 

;ifiJ  (lis^ith  iniiLN  t>  of  pneumatic  stamps. 
!■  '"Gold,"  p.  10 UK     Description  of  Dunham'e  spring  stamp.  Patter- 

up  and  SholPs  jpneuTiiutic  Mamp. 
43.  LuuL-^,   li..   U^y4h  *'Gold  Millings     p.  248.    Disau vantages  of  spring  and  pneumatic 

stamps. 
44-  Rom,  T.  K.»   0^04),  **Gold/*  pp.   144,  147.    Description  of  the  Husband  pneumatic 

stamp  and  the  Patterson  Elephant  ore  stamp   (spring). 

43w  Awk,  liwf.  Iftn.  Enp.,  Vol.  II,   (1874),  p.  208.     J.  F.  Blandy.     Deacription  of  pneu- 
maik  stamp  used  at  Phoenix  mill,  with  its  capacity  both  at  Lake  Superior  and  in 
ComimlL 
Bcfff.  M,  Htitf,  ZfiL,  Vol  XXXVL,  (1877h  p.  186.     No  author.    Description  of  SboH'e 

poeusiAtic  &tamp. 
rUd,,  Vol.  XXXVIlL,  (1879),  p.  34T.    No  author.    Short  note  on  Patterson's  spring 

«taiDD» 
mm0i€r%  Fotsft,  Jour,,  Vol.  231,  (1870),  p.  318. 

1ieim>  spring  ?tamp, 
Bnffinr0*rift,f,  Vol.  XXX U..  (1881),  p.  608.    No  author.    Description  and  capacity  of 

Dunliam's  spring  stamp* 
ibid..  Vol.  LXlll.,   n8«7L  pp.  024*  061.  701.     Abstract  from  Morison's  paper  in  A\ 

B.  Coaat  Imt,  Eng.  rf  iihipbuitders,  Vol.  XIII. 
Eng,  <£  J/in.  Jour..  VuL  XVIL,   (1874),  p.  401.     Same  as  A.  L  M.  E.,  VoL  IL,  p.  208. 
XXXir,  n88n.  p.  41.     No  author.     Description  nf  the  Elephant  (spring; 
it'6*  on  capacity,  power  and  costs. 

I.   CTIIL,    (1892),  p.    187.     A.  H.   Curtis.     Cost  and  power   for 
,   ^►.Munuitir  PtJimps  on  Cornish  tin  ore. 

Entj,,    (1873),   p.    111).     H.   T.    Ftrguson.     Description   of   the   Husband 
'  Mtump  and  results  obtained  on  tin  ores. 

.f.  Cotmcall,  Vol,  L.  Part  I.,    (1885),  p.  57.     M.  Ix)am.    Description 
ind  Hiamp  and  the  results  obtained  with  it  on  CorniaU  tin  ores. 
\\\  Derry.     Figures  on  wear  of  the  Husband  stamp. 
Vol.  XLIL,    11872).  pp.  072.  800.  800.     Variuus  people   furnish  notes  on 
th*  capacity,  power,  wear,  cost  and  advantages  of  pneumatic  stamps  used  in  Corn- 
wall. 

%n.  d  »cu  Prr9»,  Vol.  LXXV.,   (1897),  p.  03.     Abstract  from  Morisons  paper  in  N, 
E.  VoiHit  [nnt.  Eriff,  d  Shipbuilders.  Vol.  XIII. 

r   r-K»,u  /n^f.  Erifj.  d  Shiphuihtrrji.  Vo\.  XIII..  ( 1807).     D.  B.  Morison.     Description 
t>n*«  pneumatic  Htanip  and  eoinparison  with  grravity  stamps. 
f.   imt,   Min.   d'   MfX'h,   Entj,,   Vol.    XXX..    (1880-81),    p.    135.     G.   Parkin. 
•ion  and  capacity  of  pneumatic  stamps  in  Cornwall  on  tin  ore. 
!,nvM,  S#>rie9  lir.  Vol,  XXL.    f  18113),  p.  287.     L.  Demaret     Description  of 
tic  stamp. 
Vol.  XLIII..    (1807).  p.   17902.     Aljatract  from  Morison's  paper 
r   juMt.  Enff.  d  Hhipbuilders,  Vol.  XITL 
Wk  Z  u,  Salini^nursrn,  Vol.  XXVL.   (1878).  p.  143.     E.  Althans.     Descrip 

.,     I'htenix  and  ShoH  pneumatic  stamps. 
Iktd^  \oL  XX VI 11^  (1880),  p.  210,    a  Moaler,    Capacity  of  the  Ph^nU  pneumatic 


No  author.    Description  of  Froitz- 


ibtd.  V»} 

/Ml. 

ImL  Utah. 

pljcuniLiti 
ttf  t 

fhid^  p.  i;^. 

Jim.  Jour., 


I 


>. 


CHAPTER  V. 

GRAVITY  STAMPS. 


•  128.  Principle  op  Action. — Gravity  stamps  are  lifted  by  cams  and  dro] 
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A.  Mortar  block. 

B,  Mudsillfl. 
C  Cross  sills. 
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E.  Platform, 

F.  O.  Buckstaves. 

JET.  Lower  guide  timbers. 

/.  Upper  guide  timbers. 


J.  Mortar. 

K,  Screen. 

L.  Die. 

M.  Shoe.    . 

K  Boss. 

O.  Stem. 

P.  Tappet. 

R.  Camshaft 


fif.  Ck>l]arB. 

T.  Cam  shaft  boxea 

U,  Cams. 

V.  Pulley. 

W.  Maiii  shaft 

X  Tightener. 

Y.  Water  ptpes. 

Z.  Feeder. 


FIG.   90. — ^PERSPECTIVE  VIEW  OP  GRAVITY  STAMPS. 

by  their  own  weight.    The  most  highly  developed  mill  of  this  class  is  called  th 
Cfalifomia  Stamp  Mill  (see  Figs.  90^  91a  ana  91&).    This  stamp  mill  consirt 
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of  a  mortar  J.  sitanding  upon  a  mortar  block  A.  T!ie  stamps  are  iifted  by  cams 
17,  keyed  to  a  cam  shaft  Rj  and  drop  in  the  mortar.  A  strong  frame  supports 
the  cam  shaft  and  the  driving  gear.  A  single  mortar  has  from  one  to  six  stamps 
dit>ppmg  in  it.  Five  is  the  almost  universal  number  in  this  country.  One 
mortar  with  the  accompanying  stamps,  cams,  frames,  etc.,  is  called  a  stamp 
battery-     This  machine  may  be  described  iu  detail  as  follows: 

§129-  FouNDATioK. — The  foundation  of  a  battery  is  of  prime  importance; 
il  it  is  not  well  made  the  battery  cannot  be  run  at  full  capacity  lest  it  shake  to 
pi^:es.  A  trench  is  generally  dug  in  gravel  or  blasted  in  rock  to  receive  the 
mortar  block-  This  trench  is  usually  the  length  of  the  mortar  block  plus  two 
feet  at  each  end  and  may  be  the  width  plus  two  feci  at  each  side,  more  or  less. 
This  is  sometimes  walled  in  with  masonry,  as  in  Fig.  92.  The  bottom  is  gen- 
erally leveled  witli  a  layer  of  concrete  or  sand  or  clay  well  tamped  in.  In  regard 
to  the  use  of  concrete,  Hardman  says  it  should  not  be  less  than  30  inches  thick, 
otherwise  it  may  crumble  and  give  trouble.  Its  use  saves  the  more  accurate 
leveling  of  the  rock,  which  is  neeesBary  when  sand  is  used.  The  use  of  sand  is 
dmply  to  level  up  with  a  thin  layer  the  last  of  the  irregularities  of  the  rock.  On 
the  sand  or  concrete  may  be  placed  two  layers  of  2-ineh  plank  spiked  together. 
Theee  planks  also  save  time  in  construction  by  avoiding  the  necessity  of  smooth- 
ing the  rock. 

The  North  Star  Mill  (see  Fig.  92)  has  beneath  the  mortar  block  a  layer  of  con- 
crete 2  feet  thick  and  walls  of  ashlar  masonry  3  feet  thick  around  the  sides  of 
Ibe  trench.** 

§  130.  The  Mortar  Block  (see  Figs.  90  to  92  inclusive)  consists  of  timbers 
or  plaokg  on  end  which  stand  upon  the  sand  tamping,  the  planks  or  the  concrete, 
or  they  may  be  carved  out  to  fit  the  rough  surface  of  the  rock.  It  may  be  madt^ 
of  a  length  suitable  for  5,  10  or  30  stamps.     The  first  is  the  usual  construction. 

r  TABLE   81. — MORTAR   BLOCKS. 

Abbreviatiofis  — Ft^feet;  In. = ladies;  Ko.=^ Dumber. 
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Concrete  <H. 
ScUId  rock.... 

Q-inch  plaak  OQ  end.  (o) 

w 

1 
4 
6 

10 
0 

2-fnrh  Dlafiks  ................... 

zri^.T^ 

sr 

aOxllO-incli  timber! .,.. 

ifi 

m 

Solid  rock... 

aOxaO-inch  timbors. 

Bj  Much  boltn. 
By  I'toch  bolta. 

fn 

it 

il     0 

'5   S 

10      0 

M  "a' 
i     0 

10       0 

»*\ 

H       0 

to      0 

0       0 
IS       0 

4 
€ 

c80 

4 
eld 

«1S 
4 
4 

10 
6 

11 

4 

0 
0 
0 
10 

e 

J 

I 

SolMrock... 

28]c3Q-lDCh  t imbt^ra. 

m 

SolMrook..,. 

Solid  rock  or 

coDcr«^te, . . 

Solid  rock... 

^xl2'lneli  plauks. ..,.,,.,..,.,... 

By  aiKpemiy  splkeft. 

By  keys  aiuf  six  1 94'fDch  boltn. 

u\ 

Spnuv,  pmt*  or  Biifi^arpiDe,  SOx  ♦ 
ijti  itioliMS  ,  ..................  \ 

m  ' 

m 

8pruce  Ci2  liL»  and  12x«  In.  (d). . 
3  Umbers  «.«.•...*.......,...... 

By  splket  5  Inches  loii«. 

71 

By  Bix  1  Inob  bolts. 

Tl 

Solid  rook.... 
Solid  rock,...! 

Hoe 

f$ 

S 

Solid  rock  </) 

Pine  timbers  211x29  inches. 

Bj' three  IJi-tocb  bolt*. 

77 

4 
S 

4 

7 
0 
0 
0 
8 

Solid  rock,... 
Solid  rock.... 

8  tlmbeni 

ffl 

fW 

Solid  rock.... 
SoUd  rock  ... 

$4x9(Vtnc1i  timbers. 

97 

IRxlS-lncb  tliii tjere 

m 

S(>1ldr«ck_., 

PUinks 



(a)  With  width  iMumUel  to  cam  sbAft.  ib)  2  tet>i  tbiek.  (c)  For  four  batt«nefi  (st?e  Fjk-  9S^,  (d)  Ptaned  antl 
|QiBtc>d.  (r^Thhilstln>lMii|rtho?er  all.  Tlu;  author  In  In  doubt  whetber  tbeau  are  individual  or  tM>mblti«<l 
Mortar  blocks.    (/)  Leveled  by  sand.    (ir>  Ilorlzontal  stick  of  Qregoti  pine  2  feet  square,  laid  on  six  tmnsveroe 


Ai  ghoim  by  Table  81,  mortar  blocks  vary  in  size  from  squared  timbers  30X30 
inebtt  dovrn  to  planks  ^X12  inches  on  end  laid  together,  breaking  joint  and 
held  together  by  bolts,  or  timber  bueki^tavc^  and  l)olts,     Plai^ks  at^  \wU«*t  Wv'Si.Yi 
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FIO.   91a. — BIDS  ELEVATION   OF  STAMP   MILL. 

timbers,  because  sounder  wood  can  be  chosen,  their  ends  are  more  easily  cam 
to  fit  the  rock  and  they  are  easier  to  take  down.  The  timber  which  is  used  i 
the  mortar  blocks  is  exposed  to  hard  usage  as  to  vibrations,  stresses^  and  decs; 


148  ORE  DRESSma.  §  181 

are  held  vertical  by  tamping  stamp  sand,  rock,  loam  or  concrete  all  around  them 
to  fill  the  pit. 

In  a  recent  addition  to  Mill  55  the  mortars  each  rest  upon  a  7-ton  block  of 
cast  iron  and  these  blocks  are  imbedded  in  a  mass  of  concrete.  A  similar  ar- 
rangement occurs  in  the  new  300-stamp  mill  recently  added  to  the  Alaaka-Tread- 
well  plant  on  Douglas  Island,  Alaska. 

Concrete  mortar  blocks  are  cheaper  and  more  durable  than  those  made  of 
wood.  It  is  claimed  that  they  lack  the  resilience  of  timber  on  end,  which  gives 
greater  life  to  the  parts.  On  the  other  hand,  at  the  Lake  Superior  copper  mills 
it  has  been  proved  for  steam  stamps  that  the  more  solid  the  foundation,  the 
greater  will  be  the  capacity,  without  causing  increased  breakage  (see  §  108). 

The  mill  of  the  Banner  mine,  Oroville,  Cal.,  has  just  put  in  a  solid  concrete 
mortar  block  for  20  stamps,  of  the  dimensions  shown  in  Fig.  94,  and  the  first 
month's  run  with  it  leads  to  the  expectation  that  5  tons  in  24  hours  can  be 
crushed  per  stamp.  It  is  estimated  that  the  improvement  due  to  concrete  over 
wood  will  be  at  least  J  ton  per  stamp  per  24  hours.  Except  for  an  intervening 
rubber  sheet  of  pure  gum  i  inch  thick,  the  mortar  rests  directly  on  the  concrete, 
the  holding  down  bolts  being  bedded  in  the  concrete.  The  stamps  weigh  1,065 
pounds  each  and  drop  4  inches  110  times  per  minute.  The  height  of  mscharge 
is  4  inches  and  the  screen  is  30  mesh.  The  diameter  of  the  £oe  is  9  inches. 
A  single  discharge  mortar  is  used.  The  ore  is  hard  quartz  in  thin  parallel  veins, 
with  stringers  of  slate  between. 

When^  it  is  necessary  to  found  a  mortar  on  marshy  or  unreliable  ground  a 
pit  is  dug  1  to  3  feet  deep  and  large  enough  to  hold  the  horizontal  frame  about 
to  be  described.  The  bottom  is  carefully  leveled,  and  bottom  timbers  12X12 
inches  X18  feet  are  laid  horizontally  at  right  angles  to  the  cam  shaft  at  dis- 
tances apart  corresponding  to  the  posts.  For  five  stamps  two,  and  for  ten 
stamps  three,  bottom  timbers  are  used.  If  the  ground  is  very  imreliable,  the 
space  between  these  bottom  timbers  is  filled  up  with  like  timbers.  If  not  so 
bad,  the  space  immediately  underneath  the  mortars  is  filled  with  short  blocks 
12X12X24  inches,  parallel  to  the  bottom  timbers.  Next  above,  six  mud  sills 
of  12  X  12-inch  timbers  are  laid  parallel  to  the  cam  shaft.  Two  are  in  contact 
with  each  other  and  lie  under  the  mortars.  Two  more  divide  the  space  to  the 
ends  of  the  bottom  timbers  and  the  remaining  two  are  placed  at  those  ends. 
Upon  the  mud  sills  lie  the  cross  sills,  which  are  like  the  Dottom  timbers.  All 
three  sets  are  now  strongly  bolted  together  by  vertical  bolts  and  the  spaces  be- 
tween the  timbers  are  filled  with  stones,  gravel  or  loam.  The  mortar  block  is 
now  made  by  laying  a  horizontal  timber,  20X20  inches  to  30X30  inches,  par- 
allel to  the  cam  shaft,  upon  the  frame  just  described,  and  long  enough  to  support 
the  one  or  two  mortars  and  the  two  or  three  posts.  The  mortar  block  is  bolted 
to  the  frame  and  the  posts  are  mortised  into  the  mortar  block. 

In  the  Dahlonega  district  of  Georgia*^,  with  stamps  weighing  only  450  pounds 
each,  the  above  construction  is  common  even  in  solid  ground  (see  Figs.  95a  and 
956).  In  Mill  77  the  mortar  block  is  a  horizontal  timber,  24X24  inches,  of 
Oregon  pine,  lying  on  six  cross  sills  8  feet  long.  In  this  mill  the  mortar  blocks 
of  timbers  on  end  gave  trouble  by  breaking  stamp  stems,  owing  to  the  long, 
high  drop  of  the  stamps.    This  type  of  mortar  block  is  illustrated  in  Fig.  96. 

§  131.  Placing  the  Mortab. — Upon  the  mortar  block  three  thicknesses  of 
common  house  blankets,  costing  $9  per  pair,*®  coated  with  tar  on  both  sides,  are 
placed,  or  blankets  may  be  used  without  tar,  or  sheet  rubber  i  to  |  inch  tiiick 
may  be  used.  This  packing  gives  an  even  bearing,  reduces  the  jar  to  a  minimum 
and  prevents  dirt  from  entering  to  destroy  the  level.  Vertical  bolts.  If  to  H 
inches  in  diameter  and  3  to  4  feet  long,  for  holding  down  the  mortar  are  set  into 
the  mortar  block.    These  may  have  nuts  and  washer^  or  keys  and  washers 
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below,  for  which  recesses  have  been  cut  in  the  side  of  the  mortar  block  (see  Figs. 
91a  and  916)  or  they  may  be  eye-bolts  which  have  been  let  into  the  sides  of  tiie 
mortar  blocks,  and  which  are  held  by  horizontal  2-inch  boHs  passing  through 
the  eyes  and  through  the  mortar  block.  With  the  latter,  the  mortar  is  more 
securely  and  evenly  tied  to  the  block,  and  the  block  is  more  easily  replaced.* 
Table  82  shows  the  kind  and  size  of  bolts  recommended  by  manufacturers.    In 


PIG.  95a. — SIDE  ELEVATION  OF  THE  HALL  STAMP  MILL  USED  IN  THE  DAHLONEC^A 

DISTRICT,    OEORQIA. 

TABLE   82. — ^BOLTS   POR   HOLDING   DOWN    THE    MOETAB. 


Manufacturer. 

Kind  of  Bolt. 

Number  of  Bolts 
per  Mortar. 

Diameter  of  Bolt 
Inches. 

LenothafBolt 
Inches. 

Fraserft  CbalmerB 

Key  aud  washer. 

E^e  bolt. 

Kj^  and  washer. 

8 

u 

1 
1 

1 

1 

i 

» 
88 
80 

McFarlane 

8 

152 


ORB  DRESSING. 


133 


Mill  67^  13  threads  to  the  inch  were  found  to  hold  better  than  6  threads  to  the 
inch  on  IJ-inch  bolts. 

The  Dahlonega  light  mortars  with  stamps  weighing  450  pounds  are  held  down 
by  wedges  across  the  top  of  the  mortars  and  arc  held  against  lateral  movement 
by  a  rib  running  lengthwise,  cast  upon  the  bottom  of  the  mortar  and  let  into 
the  mortar  block  (see  Fig.  95a). 

The  Stamp  Frames. — These  structures  are  made  to  support  the  cam  shafts 
and  generally  the  main  shaft,  and  also  to  guide  the  stamps.  They  are  made 
of  wood,  cast  iron,  steel  or  wrought  iron.  They  consist  of  the  mud  sills,  cross 
sills,  posts,  braces  and  guide  timbers. 


A.  Die. 

B.  Shoe. 

C.  Mortar. 


D.  Position  of  rear  inside  plate. 

F.  Boss. 

G.  Stem. 


J^.  Position  of   fiont  inside 
plate. 


FIG.  96. — ^A  GILPIN  COUNTY    (COLORADO)    STAMP  MILL. 


§132.  Mud  Sills.— (See  Figs.  90-92).— These  are  commonly  three  or  four 
in  number;  six  are  sometimes  used.  They  are  12X12  inches  to  24X24  inches 
in  section,  according  to  the  weight  of  the  stamps,  and  they  run  the  whole  length 
of  the  mill  parallel  to  the  cam  shafts.  Sometimes  they  rest  upon  and  are 
bolted  to  masonry.  Two  of  them  are  near  the  mortar  blocks,  one  on  each  side 
The  others  are  distributed  to  suit  the  frame.  Table  83  shows  the  sizes  of  mud 
si]h  recommended  by  manufacturers  and  authors. 
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or  Aiiibor. 


mrntG ,.,,*.. 

limM(a>. 

HcTmrlnne 

Unioti  Iron  Works* « 


>•(»>.. 


!7ui»tier  of 
Silk. 


8  or  I 


Size  of  81Q, 


11x10 

18x18 

14x14 
12x10 

16x16  or  ISxtS 
81x18 
94x94 


LeoirUi. 


Feet,  Inebea. 

y '"28""'6 

j  7       10 

1     (1  bAtUjry,) 

J a 4 

Length  of  the  mill. 
J        88        0 
1    (4  Nitteiies.) 


WeiRht  of 
Htamps, 


Found  H. 
850 

\     800 


(a)  LftJd  In  coocrele,    {b}  ConBolidAUxi  Virginia  mOl. 

133.  Cboss  Sills   (sgo  FigF.  90-92)   are  12X16  inches  to  20X24  inches, 
Drding  to  the  weight  of  the  stamps,  and  13  to  20  feet  long,  according  to  the 
|fi5  of  the  frame*     They  are  laid  horizontally  across  the  mud  sills,  to  which 
notched  and  bolted.     They  are  placed  one  under  each  post  and  conse- 
there  should  he  two,  or  one  of  double  size,  under  the  center  post  of  two 
it  batteries,  where  the  weight  is  double  that  upon  the  end  sills.    Table  84 
'  iLon  tbe  fiws  of  cross  sill& 


TABLE    84. — GEDSS    SILLS. 


MiU,  ManufflLcturer 
or  Author^ 


Mills? , 

101154(0) 

lljn«7 

Fn»aT  &  ChAlmers. . 

McFarlAoe. 

Union  Iron  Works. . . 

Loui-i» * 

Eekaton»(bV *• 

iLilerT 


Sfw. 


Incbeft. 

liixie 

(     14x18  aod 
1     SCxS4 

19x18 
llhclS 
12x18 
12x18 
ISxlK 
90z^  and  14x90 
18x24 


Len^. 


I  hBM  tweotj  stampe  to  one  frame  aod  luw  Ave  cross  ailla,  or  one  under  «ach  post    The  two  out- 

J  urfi  14txt8  iDchiw,  aod  94  feet  long.    The  middle  one  i»  90x24  incbeis,  aod  34  feet  long:.    The  other  two 

^14x18  lnebc«,  aod  14  feet  lon^.    Tbey  are  madeaf  ipnice  or  sugar  pine,    (b)  Consolidated  Virginia  mill 

S  134.  Tim  Posts.— (See  Figs.  90-92).— Upon  the  cross  sills  stand  the  posts 
in  frames  for  ten  or  twenty  stamps.  The  end  posts  are  12X24  inches  in  section 
in  11  ir^ii-  14X24  inches  in  2  mills  and  11|X23  inches  in  1  mill.  The  middle 
po<tB  1  '4  inches  in  5  mills,  12X24  inches  in  5  mills,  20X24  inches  in  3 

milk,  i  <234  inches  in  1  mill*     When  four  batteries  arc  framed  together, 

the  po  the  end  are  the  same  size  as  the  end  posts.     A  12X24-inch  post 

nmy  Ih  m  two  12 X  12-inch  timbers,  but  the  surfaces  must  be  true  and 

Ihqr  Hi  iow^led  and  thoroughly  bolted.     Such  posts  were  in  good  con- 

didao  after  six  yeara'  wear.^"    Table  85  shows  dimensions  of  posts. 

TABLE    85. — POSTS. 


Eeifht 


Mfttance  from  Tif"! 

Ooes  Sfll  to  Top  of 

Lower  Guidtf. 


i.lear  Space  betwwn 
Gu(de«. 


Distance  from  Top  of 

lx)w«r  Guide  to  OeD* 

terof  CamBhafL 
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The  posts  are  mortised  or  let  uito  the  cross  sille.  Ruckriavi  >  an:*  piaoed  M\vr' 
the  cross  Bills  on  each  side  of  the  mortar  block  (see  Figs  Dla  and  93),  ami  are  I 
bolted  horizontally  through  the  poets  from  front  to  rear.    They  may  rest  onj 


.-"  ^._r— r 


FIG.   97* — ^PLAIN  WOODEN  GUIDES. 


wmtf  ^ 


23    ^rzz^-X: 


i 


g^gj 


fci 


FIG.  98. — ^SECTIONAL  0P1DE8  OF  WOOD  AND 
CAST  IRON. 


'^.h 


FIG-  99. — ACME  GODE. 


FIG.    100a.— FARGO   GUIDES. 


ft    tt     ., 


FKL    \mh, — ^DETAILS  OF  FAROO  OUtDE, 


the  cross  sills  and  be  bolted  vertically  to  them.     In  some  cases  (see  Fig.  9(1 
there  are  also  horizontal  buekstaves  extending  about  J  inch  above  the  top  of  it 
mortar  block  and  ^ierving  to  keep  the  rubber  from  squeezing  out.     From  15J 
J 6  feet  above  the  top  ojf  the  cross  sill  the  posts  are  notched  in,  nearly  to  ti 
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ff  to  receive  the  cam  ghaft  boxes.    These  notches  inay  be  cut  either  in  the 
I  or  the  rear  gidee  of  the  p04;t&,  accordiDg  as  front  cams  or  rear  cams  are 

[35,  GmuE  Timbers. — The  two  guide  timbers  (see  Figs.  90-92),  which  are 
14  iDcbes  square,  are  Dotched  and  bolted  to  the  posts  upon  the  same  side 
cai       '  ^t  boxes,  and  are  in  the  clear,  about  3  feet  distant  above  and 
reit  from  the  center  of  the  cam  shaft.     The  lower  timber  is  frc- 

dki  n  little  larger  than  the  upper.     They  usually  extend  the  length 
or  four  batteries,  according  to  the  frame  used.     These  guide  timbers 
T  enough  apart  to  allow  for  the  sweep  of  the  cam,  plus  the  height  of 
ith  sutBcient  clearance.     On  the  inner  side  of  the  guide  timbers 
ides  (gee  Pig.  91a), 
FGcides  are  provided  to  keep  the  stamp  rods  vertical  while  they  rise 
U  ;  to  this  end  their  chief  fluty  is  to  resist  the  side  thrust  of  the  cams.     In 
nous  designs  that  have  been  adopted,  simplicity  and  the  reduction  of  fric- 
\d  wt'iir  are  the  main  features  sought. 

ordinani^  guide  (see  Fig.  97)  is  of  two  planks,  each  3  to  8  inches  thick 
to  111  inches  wide,  yielding  a  bearing  of  that  length,  Hsilf  the  beiiriiig 
nip  stem  is  cut  from  each  plank  with  the  grain  horizontal.  At 
Ijike  mill  they  are  held  to  the  guide  timbers  by  eight  J-inch  bolts.  At 
rt  they  are  shimmed  apart  and  as  they  wear,  the  c^hims  are  thinned  in 
they  are  taken  out  altogether,  and  as  they  wear  further,  the  inner  surfaces 
iK^d  off  to  restore  the  diameter  of  the  holes.  During  this  period  they  are 
up  by  pnlting  in  shims  between  the  rear  guide  and  the  guide  timbers.  The 
ore  preferred  in  this  order:  Oak,  hickory,  lioart  of  maple,  and  pine.  At 
^       1  mill,  Victoria,  eucalyptus  guides  last  16  years.** 

Wooden  guides  with  grain  parallel  to 
^  the  stamp  stem,  called  parallel  grain  iK'ar- 
?  ings,  give  less  friction  and  last  longer  than 
those  with  horizontal  grain.'*  To  get 
these  bearings,  sectional  guides  must  be 
used.  An  additional  advantage  of  sec- 
tional guides  is,  that  the  blocks  of  one 
bearing  can  be  removed  \nthout  disturbing 
those  of  the  next,  and  adjustment  can  be 
made  for  each  individual  stamp. 

At  Mill  62,  ordinary  guides  of  maple 
are  used  until  worn  out.  Then  square 
are  cut  in  them  and  busJiings  of  maple  or  beech,  made  in  halves,  are  put 
the  wear, 
wood  guide  with  large  holes  and  four  hard  wood  keys,  forming  four 
n  bearings  for  each  stem,  overcame  the  cost  of  renewing  soft 
Th»^  take  up  of  this  and  all  the  preceding  forms  of  guides 
inary  form  is  to  allow  for  Vioth  Bide  and  end  wear, 
sruide  with  vertical  wood  bearings  is  shown  in  Fig.  98*  The 
giii  own  in  Fig.  99.     The  Fargo  guide  is  shown  in  Figs.  100a  and 

1, .:  up  of  the  Fargo  and  Acme  is  for  end  wear  only.     An  iron  guide 

ith  hard  wood,  with  end  grain  is  shown  in  Fig.  101.    The  take-up  of  this 
de  and  end  wear, 

8  on  ten  stamps  plain,  sectional,  cast-iron  guides  without  babbitt, 

iiri  -(  jI.    tHHiuM  <1  1'     n  pmery  wheel.     They  are  called  the  Globe  bat- 

Afi'  r    r    im  i^hs*  use  they  show  no  wear  on  the  guides  or 

TV  ii   ii'iv  for  repairing  one  stamp  at  a  time,  and  they  keep  the 

ual  |M  ritino  belter  than  the  ordinary  form. 


Fia.  101. — A1.LI3  orrinE. 
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The  Tenth  TJ.  S.  Census"*  gives  cast  iron  babbitted,  cast  iron  lined  with  raw 
hide,  and  brass,  as  being  used  for  guides,  but  notes  nine  instances  only  of  iron 
guides,  while  it  records  244  of  wood.  Iron  guides  are  quite  generally  used  in 
Australia.^* 

Table  86  shows  the  details  of  the  guides  found  in  the  mills.  It  is  noteworthy 
that  the  ordinary  guide  occurs  in  17  out  of  25  mills.  The  niillmen  prefer  it 
over  the  patent  guides  on  the  market  on  account  of  its  simplicity.  They  claim 
that  the  latter  have  too  many  bolts,  nuts  and  wedges  in  their  make  up,  and  are, 
therefore,  very  bothersome  to  change  and  readjust. 

TABLE   86.r— OUIDES. 


Mill 
No. 

Pattern. 

IfateriaL 

Length  Along 

Thickness. 
(Both  Halves.) 

Life. 

Greased  Iqr 

W 

OrdiiMipy..  T,.... 

Pine 

Inches. 

Inches. 

j  Grease  scraped  from 
1  journal  boxes  In  mill 
Tallow. 

RR 

Ordinary 

Ordinary 

Maple,...  t.....,- 

14 

8 

6 

(6) 

0  months 

1 3rear  or  more. 
10  years. 

m 

Hard  wood 

Fraser^s  axle  grease. 

R7 

Ordinary.. ....... 

Wood 

(a) 

Machine  OIL 

58 

Ordinary   

Maple 

RO 

Ordinary.. ....... 

OaK  or  hard  pine 
Oak 

AO 

Ordinary 

ffl 

Ordinary.. ....... 

Oak 

7 

Over  5  years. . . 
Syears. 

Graphite  grease. 

j  Mbcturv  or  graphite, 

ItarandtaUow. 

Albany  compound. 

mi 

Ordinary  

(Ordinary  (d)... 

Sectional  («)... 

SectionaL 

Ordinarv    . 

Maple 

(c) 

^ak  or  Tnapl<*. . .  ■, 

64 

Cast  iron 

66 

(Jast  iron(f) 

66 

Oak  or  nine 

Oak,  18  months 

Pine,  4  months. 

8  years  without 

planing 

Mixture    of    graphite 

and  linseed  oO. 
Hot   tallow   and  gra- 

67 

Sectional  (9) 

Acme 

Yellow  birch..... 
Wood 

14 

,,,,,,,,,,,,,,  • 

68 

J 

phite  at  start  (h) 

71 

Ordinary 

Wood 

7fl 

SeciSonaLV.  !;*.!'.; 

SectionaL 

Ordinary 

Wood 

73 

Cast  Iron (/).... 

74 

Cast  ironcf  1 

7^ 

Maole 

76 

Ordinary 

oT. ...::::::;. 

Boiled  in  tallow  at  start 

77 

Ordinary 

IMtchplne 

Wood 

12 

6 

Fraser*s  axle  grease. 

R"^ 

Acme 

88 

Fargo 

Wood 

81 

Farffo 

Wood 

87 

OrdTnM*y 

Wood 

Axle  grease. 

83 

Ordinary 

Hard  wood 

(a)  Top=18  inches;  bottom=10^  inches.    (6)  Top=ll  inches;  bottom=14  inches. 
tom=16  inches,    (d)  On  80  stamjps.    (e)  On  10  stana^.    (jf )  Wood  Uoed.    (a)  Held  to  gui< 


inches  in  diameter  and 


L  SO  stamps, 
diagonal  cs 


cast-iron  washers  ^  inch  thick.    ih)Utt\ 


(c)  Top=18  inches;  hot- 
„  Lide  timbers  by  bolts  8M 
or  none  afterward. 


The  guides  are  lubricated  to  overcome  friction  and  so  to  give  the  maximum 
speed  of  drop  of  the  stamps.  Fluid  animal  and  vegetable  oils  are  bad  because 
they  sicken  the  mercury  on  the  amalgamated  plates.  On  this  account  the  guides 
should  be  sparingly  lubricated,  and  that  with  solid  lubricants,  such  as  are  given 
in  the  table.  The  Albany  compound  mentioned,  is  much  like  axle  grease.  In 
Tasmania  an  instance  is  given  of  stamps  crushing  tin  ore  in  which  the  guides 
are  hollow  cast  iron  filled  with  tallow.  Hard  soap  is  used  by  many  and  com- 
mended because  soap  brightens  amalgamated  plates.  Hard  wood  guides  should 
be  soaked  with  linseed  oil  before  mounting  them.  Iron  guides  babbitted,  re- 
quire far  more  lubrication  than  wood. 

§  137.  Platforms. — These  are  needed  to  stand  upon  to  lubricate  the  guides 
and  cams,  and  to  tend  the  tappets  and  stamps  generally.  The  platform  must 
be  placed  on  the  opposite  side  from  the  cam  shaft  and  it  is  usually  continued 
around  the  other  side.  If  in  front,  it  is  liable  to  cut  oflf  light.  It  should  be 
strong,  have  a  tight  floor  and  a  railing. 

§  138.  Forms  of  Frames. — ^Braces  and  tie-rods  are  used  with  the  poets  and 
sills  to  complete  the  frames,  and  the  frames  so  made  have  received  different 
names  according  to  the  way  in  which  they  are  combined.  Wooden  braces  stiffen 
tAe  frame,  but  iron  tie-bolts  occupy  less  room  and  can  be  tightened.    If  only 
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one  kind  can  be  used,  it  should  be  the  wooden  brace  bolted  to  the  cross  sills  and 
to  the  posts.     Probably  the  best  construction  is^  combination  of  the  two. 
There  are  two  general  classes  of  frames :  A  frames  and  Knee  frames.    Each 


FIO.  102. — FRONT  A  FRAME  WITH  CAMS       FIG.     103. — REVERSE    A     FRAME    WITH 
IN  FRONT.  GAMS  IN  FRONT. 


ia    lOi. — DOUBUB    A     PRAKB    WITH 

CAMS  IK  raom. 


FIO.  105. — FRONT  KNEE  FRAME  CONNECTED 
WITH  BIN,  CAMS  IS    ¥UVi>;t. 
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of  these  has  different  varieties,  as  is  shown  by  the  following  list  of  frames  from 
mills  and  authors: 

1.  Front  A  frame  with  cams  in  front  revolving  away  from  the  bin  (see 
Fig.  102). 

2.  Front  A  frame  with  cams  behind  revolving  toward  the  bin. 

3.  Reverse  A  frame  with  cams  in  front  (see  Fig.  103). 

4.  Reverse  A  frame  with  cams  behind. 

6.  Double  A  or  double  brace  with  cams  in  front  (see  Fig.  104). 

6.  Front  Knee  connected  with  bin,  cams  in  front  (see  Fig.  105). 

7.  Front  Knee  unconnected  with  bin,  cams  in  front  (see  Fig.  106). 

8.  Front  Knee  unconnected  with  bin,  cams  behind.* 

9.  Front  Knee  with  brace  put  down  and  with  cams  in  front  (see  Figs.  107). 

10.  Front  Knee  with  brace  put  down  and  with  cams  behind. 

11.  Back  Knee  or  single  post  frame  with  cams  in  front  (see  Fig.  108). 

12.  Back  Knee  or  single  post  frame  with  cams  behind. 

13.  Back  Knee  with  a  brace  with  cams  in  front  (see  Fig.  109). 

A  frames  (1  to  5)  are  adapted  for  light  stamps  imder  750  pounds,  being 
simple  and  less  expensive.  Front  A  (1  and  2)  is  suitable  for  hand  feeding. 
Reverse  A  (3  and  4)  is  good  where  mechanical  feeder  is  used,  as  it  leaves  the 
front  open  for  observation.  Double  A  (5)  is  to  be  used  where  great  strength 
is  needed. 

The  Front  Knee  (6  to  10)  is  the  heaviest  and  most  expensive.  It  is  the  best 
for  heavy  stamps,  and  is  the  best  in  regard  to  solidity,  position  of  shafting  and 
wear  of  belting,  as  it  allows  large  pulleys  and  horizontal  belts  with  no  tightener. 
The  shafting  and  belt  are  out  of  the  way,  up  where  it  is  clean  and  dry. 

The  Back  Knee  frame  (11  and  12)  is  strong  and  compact,  but  the  main  shaft 
has  to  rest  on  the  sills,  which  is  an  inconveient  place.  It  is  not  suitable  for 
hand  feeding.  It  is  suitable  for  a  cam  shaft  driven  by  gears.  It  has  a  great 
advantage  in  its  uninterrupted  view  of  the  plates  of  the  whole  mill. 

These  forms  are  modified  and  combined  to  a  certain  extent;  for  example,  (13) 
is  a  back  knee  with  a  front  brace  which  is  shorter  than  that  of  the  front  A. 

F.  S.  Pheby^®^  condemns  framing  the  ore  bin  with  the  stamp  frame,  as  the 
latter  is  liable  to  be  thrown  out  of  line  with  the  settling  of  the  bin. 

The  frames  were  found  in  the  mills  as  follows:  Mills  55  and  64  use  No.  1 
frames.  Mills  27  and  87  use  No.  3  frames.  Mill  76  uses  No.  4  frame,  except 
that  the  belt  runs  horizontally  back  to  the  water  wheel.  Mill  56  uses  No.  6 
frame,  except  that  the  belt  is  connected  direct  to  water  wheel.  Mills  58,  59, 
65,  73,  74,  75  use  No.  6  or  No.  7  frames.  Mills  57,  61,  62  use  No.  7  frames. 
Mill  67  uses  No.  8  frame.  Mill  82  uses  No.  10  frame.  Mill  84  uses  No.  11 
frame.  Mill  68  uses  No.  12  frame.  Mills  77  and  88  use  special  forms  to  suit 
their  gear  transmission.  The  former  is  shown  in  Fig.  146.  Mill  72  uses  a 
back  taiee  frame  and  in  order  to  have  the  view  in  front  of  the  battery  as  unob- 
structed as  possible,  all  troughs,  lights,  etc.,  are  suspended  on  iron  rods. 

It  is  more  in  accordance  with  the  best  mechanical  engineering  practice  to 
drive  by  the  under  part  of  the  belt  where  a  horizontal  belt  is  used.  The  usual 
mill  practice  seems  to  have  ignored  this  principle  (see  Mills  57,  58,  59,  61,  62,  65, 
73,  74,  75),  while  on  the  other  hand,  Mills  67  and  82  have  conformed  to  this 
principle  by  using  front  knee  frame  with  back  cams. 

§  139.  Stamp  Frames  of  Iron. — These  have  been  made  by  a  number  of 
manufacturers  in  recent  years  for  use  in  districts  where  facilities  for  securing 
timber  and  having  it  framed  are  limited.     For  example,  the  Union  Iron  Works 

*  Since  writing  the  above  it  has  been  learned  that  Mill  60  fonns  another  dan,  havliig  troot  knee  frames 
oooneeted  with  the  bin,  cams  behind. 
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made  frames  of  stc^'l  ehannol  beams  for  100  stamps  for  the  Compania  de 
lluauchaca  de  Bolivia,     in  tiiis  form  (sec  Fig.  110)  eaeh  post  is  composed  of 

four  channel  beams  on  end,  blocked 
apart  with  castings,  suitable  for  hold- 
ing: (a)  the  guides,  (6)  the  cam  shaft, 
(c)  a  flange  or  foot  upon  which  the 
post  stands  and  by  which  it  is  bolted 
to  the  cross  sills,  and  (d)  two  tie-rods 
connecting  its  top  to  the  cross  sill. 

A  simple  reverse  A  frame  is  made  of 
steel  in  which  the  cross  sills,  the  braces 
and  the  posts  are  compound  girders 
with  two  channel  beams  each.'*  Of 
this  several  have  been  sent  to  Africa. 

Cast  iron  is  especially  advocated  for 
frames,  as  it  does  away  with  tie-rods 
and  braces  and  makes  a  compact,  handy 
frame  which  has  not  the  elasticity  of 
steel. 

Iron  frames  are  not  uncommon  in 
Bendigo,  Australia.*^ 

It 


6cale-H  taicbsl  foot 
FIG.   110. — IRON  STAMP  FRAME.        FIG  Ilia. — PLAN  OP  THE  HOMESTAKE  MORTAB. 


FIG.  lllC. — SECTION 
ON  EF. 


FIG.    1116. — HALF   SECTION   ON  A  BCD 
AND   HALF   ELEVATION. 


/ 
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The  mortar  proper  is  made  of  cast  iron.  The  best  material  to  withstand  the 
continual  vibration  is  a  tough,  uniformly  fine-grained,  gray  iron."  The  bottom 
should  be  planed  to  give  it  a  true  bearing  on  the  mortar  block. 

While  mortars  are  usually  cast  in  one  piece,  sectional  mortars  (see  Figs.  116a 
and  116b)  are  made  for  mule  back  transportation,  with  no  part  weighing  over 
300  pounds.  The  bottom  is  of  cast  iron  in  sections,  tongued,  grooved  and 
planed.  This  planing  is  so  true  that  there  is  no  leak  of  water  or  mercury,  and 
no  packing  is  needed.*  The  sections  of  the  bottom  are  bolted  together  with 
end  bolts,  the  sides  and  ends  of  the  housing  are  made  of  boiler  iron  and  are 
riveted  together  in  position.  The  joint  between  the  housing  and  the  bottom  is 
made  by  putting  in  a  thin  strip  of  copper,  which,  after  the  joint  is  riveted,  is 
caulked  to  a  tight  joint.'^  In  some  designs  all  the  sections  are  of  cast  iron 
flanged,  planed  and  bolted  together. 

Mortars  of  wood  and  iron  (Mill  77)  are  used  in  Gilpin  County,  Colo.,  (see 
Fig.  96).  They  are  lighter  and  cheaper  in  first  cost  than  cast-iron  mortan. 
They  have  been  found  suitable  for  the  peculiar  problem  of  that  place. 

The  weight  of  the  mortar  should  be  proportional  to  the  weight  of  the  stamp 
to  get  like  conditions  of  impact.  Tables  87  and  88  show  the  ratios  advocated  by 
authors  and  also  those  used  by  the  mills. 


TABLE  87,  PROM  LOUIS,"  GIVINO  WEIGHTS  OP  STAMPS  AND  MORTARS  TOOBTHBB 
WITH  RATIOS  OF  ONE  TO  THE  OTHER,  PROVED  BY  EXPERIENOE. 


Weight  of 

Weight  of 
Mortars. 

Ratio. 

Weight  of 
Stamps. 

Weight  of 
MoHars. 

Ratio. 

Pounds. 
•60-1,000 

860 
780 
700 

Pounds. 
6,884 
5,600 
6,040 
4,480 
4,082 

6.78-6.89 
6.88 
6.94 
6.97 
6.77 

Pounds. 
660 
660 
600 
400 

Pounds. 
8,696 
8,860 
8,186 
8,464 

6.60 
6.11 
6.97 
6.16 

TABLE  88. — ^WEIGHTS  OF  STAMPS  AND  MORTARS,  TOGETHER  WITH  THE  EATIOa  01 
ONE   TO   THE   OTHER,   TAKEN   FROM   THE   MILLS. 


MIIL 

Weight  of 
Stamp. 

Weight  of 
MOTtar. 

BaUo. 

Homestake  (Hofman«o). . . . 

Caledonia  (Hofman«o) 

Homestake  (Rickard«»). . . . 
Father  de  Smet  iBowie»»). . 

Keystone  (Egieeton*^) 

Bobtail  (Rickard«) 

Mill  27 

Pounds. 
880 
880 
860 
758 
7B0 
660 
800 
860 
660 
960 
800 
800 
900    . 

Pounds. 
6,000 
6,700 
7,800 
5,000 
6,400 
6,000 
6,600 
6,800 
4,000 
5,600 
5,600 
4,750 
5,880 

Mill  65 

Mill  56 

Mill  61 

Mill  64 

Mill  68 

Mill  88 

Tables  89  and  90  show  the  dimensions  of  mortars  in  a  few  miUs,  together 
with  the  rate  of  crushing. 

•  Frawr  ft  Chafanen,  prtrate  oommunteation. 


TABLE  89. — H0RTAB8. 
Abbreriatlons.— Lb& =poiiiidB ;  In . = Inchet. 


1  - 

1 

'So 

1 

1,' 

So 

1 

'Si 

P 

k 

1 

h 

i 

In. 
3^ 

ll 

TliMiMliLlui  rHormfin*'.  1flflO>  

Lbs. 
5,400 
7,300 
5,7t)0 
d4,800 
6,700 

In.   1 

In. 

"is" 

S8 

In. 

60 

In. 
ml 

67H 
49 

43 
(50 
5t> 

In. 
10 

In. 

In, 

8      1 

In. 

6      ' 

In. 

H 

nf«itf«tAkn  fHi'-h-nnl**,  IWfrt 

OrtedoniAnT   ' „ 

Piilkv  di^  F                        ^'VfM 

11^ 

15 

!?« 

IB 
16» 

7 

8 
6 
6 

a 
a 
s 

3 

?5 

5 

1 

,*< 

SKCrMii.                                     '^^*"       '■       •" 

1 

?fnrth  fttJLr  ^  \  naniP  *■  i  ir}^  „...,.,,,.,.... 

1" 

NfXtli  Star  (Rickanl  **\  tcl 

flO 

BobteO  ( froodao  iidfia>'(&i€kaixl> i 

6,000 

Kswfoii  *■«...... '.r .' 

64W 

S8 
28 

50 

4a 

8 

i»* 

S 

FluiiBte  ■•• 

fiffSEl...: 

4«0OO 

54 

66 
57 

SBSt  :!;!;:";"■;*:;!!";;;*:;;:;; 

16 
16^ 

]fi]]M(6)..... 

5,500 

"m 

3»4 

■"5 

«M 

'H 

(o)  At  endA,  fU  ftiehes.    (b)  All  flim«a9lonfl  escluBJ^e  of  liDirtKA^    <c)  All  dlmenilonfl  e^cltisive  of  « 
I  laA  thiidL.    (d)  tadudiag  Unln?.  («>  Total,  4094  inches;  IroD,  0  incbe^.  (/>  Ifoa,  S9|  iQchei;  wood.  f>^  I 
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TABLE  90. — MOETAES. 
AbbreTiaCiona.— In.^tnch«a;  Lb<B.=poi]ndiv 


Mm 


JceCHofmiui^o.  188»). 

Qy«loateCBoCmA]i«n 

ftelier  d«  8nM(  rBowte  "X . . , 

OldliMn  CHardniAtii^^).. 

iraiihaur(AbAdJe  «•).*. 

Vorili8teraUelciitl«*y. 

BM)totea<woodMi  ^dn)  (BickArd> 


OcMmi  Star  (Rick&rd«*.  1806^^. . . . 
Riddeii  Trtmttm  (BickArd,  1886). 

MflJ» - 

Vm  66(d)..,., 

M1D«1 - 

Mmm 


10 


jm. 


id) 


m 


< 


m 


n 


In. 


iJgilOH 


TVs 


13 


TH 


750 


ao 


L6 


iBVdTfi 


t)  Doobto  diflcbari 
of  ditelMrse  is  18 


I.    (by  Total  inside  wtdth  at  lev^l  of  dischar^i^  Is  U  inch  eg.    (c)  Total  InaidQ  wldlfa  At 
i  lochea.    <d)  Total  inBlde  width  at  l«Tel  of  dischiirge  la  £4  inches. 


The  mortarB,  as  will  be  Been  from  Table  90,  vary  much  in  width  and  also  in 
height  of  discharge,  that  i^,  the  height  of  the  lower  edge  of  the  screeB  above  the 
lop  of  the  die.  These  two  dimensions  are  most  important  in  considering  the 
duties  a  mortar  is  to  perform.  In  general,  we  may  say,  the  lower  the  discharge, 
the  more  rapid  will  be  the  stamping,  the  quicker  will  the  screens  wear  out,  the 
coarser  will  the  pulp  be,  and  the  poorer  will  be  the  battery  amalgamation. 
Tbc^  qualities  will  all  be  reversed  with  high  discharge.  Again,  the  narrower 
tbe  mortar,  the  faster  will  it  stamp.  By  combioing  these  two  ideas,  we  see  that 
s  oarroir,  somewhat  deep  mortar  (Fig.  11  Ic),  is  the  best  combination  to  obtain 

aid  stampings  and  good  batterj  amaJgamation.    The  space  be\vm4  ot  Vh  It^tvN- 
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of  the  shoe  must  be  larger  than  the  maximum  size  of  ore  fed,  to  prevent  the 
stamp  from  becoming  w-edgcd  against  the  side.  In  the  qase  of  ores  which  re- 
quire extremely  fine  pulverization,  as  for  example,  the  Gilpin  County  oifes  of 
Colorado,  the  slow  stamping,  deep,  wide  mortar  (Fig.  96)  still  finds  fiavor. 

§  141.  Mortar  Linings. — ^These  are  replaceable  parts  which  save  the  mortar 
from  wearing  out.  They  are  generally  made  of  chilled  iron  and  may  be  put 
upon  one  or  all  of  the  sides  of  the  mortar.  They  are  particularly  advantageouB 
in  locations  remote  from  a  foundry.  If  the  miU  is  far  from  a  foundry,  there 
should  be  five  lining  plates,^^  four  aroimd  the  bottom  and  one  in  the  month. 
These  will  have  a  total  weight  of  500  pounds.^*  The  comers  sfiould  be  mitezed 
with  45°  angle  to  hold  them  in  place.^'  The  life  as  given  by  Hofman,**  is  one 
year,  while  Eissler'  gives  three  to  six  months  for  chilled  cast  iron,  I  inch  thick. 
The  Australian  practice  is  to  use  liners  in  four  parts,  1  inch  thick."* 

The  practice  in  the  mills  is  as  follows:  Mills  27,  55,  56,  62,  67,  76,  77,  87,  88 
use  no  liners.     Mills  58,  72,  75  use  replaceable  linings. 

Mill  57  (see  Figs.  112a  and  1126)  uses  chilled  iron  lining  1  inch  thick.  The 
end  liners  last  three  months  and  the  back  and  front  liners  last  a  year.  The  back 
liner  weighs  175  pounds,  end  66  pounds  and  front  75  pounds.  The  back  liner 
is  \\  inches  thick  where  the  ore  drops  on  it  from  the  feed  chute.  Iron  costs 
3J  cents  per  pound  and  sells  for  IJ  cents. 

Mill  59  has  cast-iron  replaceable  linings  1  inch  thick.  They  cost  6  cents  per 
pound,  sell  for  1|  cents  and  last  six  months. 

Mill  61  has  wooden  liners  in  the  backs  of  four  mortars,  these  being  somewliat 
wider  than  the  other  four  mortars. 

Mill  64  uses  front,  back  and  end  liners  of  cast  iron  1  inch  thick.  A  set 
weighs  300  pounds  when  new,  200  pounds  when  worn  out  and  lasts  12  months. 
Iron  costs  3^  cents  per  pound  and  sells  for  2  cents. 

Mills  65,  73  and  74  formerly  had  no  linings,  but  Loring**  reports  that  they 
were  afterward  put  in  when  the  thickness  of  the  sides  of  the  mortar  had  become 
worn  down  to  |  inch.  In  order  to  do  this  it  was  necessary  to  reset  the  stamps 
so  that  they  should  be  9^  inches  apart  center  to  center,  or  f  inch  apart  betwe^ 
shoes  instead  of  10  inches  apart  center  to  center  as  formerly.  This  gained  a 
space  of  1^  inches  at  each  end,  into  which  the  end  linings  were  placed  and 
served  as  keys  for  the  front  and  back  linings.  The  back  lining  was  13  inches 
high  and  sloped  77J**,  the  foot  being  1^  inches  from  the  base  of  the  die,  thereby 
delivering  the  ore  better  upon  the  die.  It  was  made  with  an  iron  face  and 
wooden  backing  in  order  to  save  iron. 

Mill  66  has  liners  i  inch  thick  on  the  sides  and  |  inch  thick  on  the  feed 
hopper. 

Mills  68  and  82  have  end  linings  only,  of  boiler  iron  J  inch  thick  and  12  inches 
high. 

Mill  84  has  end  linings  only.  They  are  of  steel  \  inch  thick.  Each  end 
weighs  31  pounds  when  new,  8  pounds  when  worn  out.  They  cost  6  cents  per 
pound. 

The  Father  de  Smet  mill  used  liners  1  inch  thick.** 

§  142.  The  Mouth  or  Feed  Openings. — ^At  the  Homestake  mill  the  mouth 
begins  6^  inches  below  the  top  of  the  mortar  (Figs,  lllo-lllc)  and  is  24  inches 
long,  4i  inches  wide,  15  inches  deep  before  entering  the  mortar.  Under  the 
feed  is  a  lip  1\  inches  thick,  designed  to  deliver  the  ore  against  the  top  of  the 
shoe.  The  line  of  this  lip  if  produced,  would  project  the  ore  three-quarters  of 
the  way  across  the  mortar.  This  lip  is  necessary  where  the  mortar  is  double 
discharge,  or  where  a  back  amalgamating  plate  is  used.  Some  authorities  tiiink 
it  is  an  advantage  on  any  battery,  as  it  delivers  the  ore  nearer  the  center  of  the 
die  than  the  other  form. 
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TTm!  CftledoDiB  T.    i"  ,  liag  a  mouth  3  inches  wide  eartending  the  whole  length, 
tbc  mortar,      i  t  k  Star  mortar  has  a  mouth  opposite  the  three  middle  ' 

onlj.     The  iatLt-r  seems  to  represent  the  best  practice  in  this  country, 
IjOUis  recommends  that  it  extend  to  the  middle  of  the  end  stamps. 
143.  MoRTAJi  Covers, — (See  Figs.  114a  and  114b). — ^Two  planks  !3  to  3< 
bp6  thick,  with  half  the  hole  for  each  stamp  cut  from  each  plank,  are  used ' 
to  corer  in  the  open  top  of  the  mortar.     Holes  are  also  cut  for  feeding  water. 
The  r^^-^'-    -T^si  fm  a  ledge  around  the  inside  of  the  mortar  top. 

I  1::bk  Openings, — These  are  provided  in  front  or  both  back  and 

It  ul  tar.    The  former  is  called  single  issue  (see  Figs,  llla-1146) 

id  18  c  ,   used  where  battery  amalgamation  is  practiced.     The  latter 

f  Fi^.  Hoj  lij  called  double  issue,  and  is  used  chietly  toi  dr}^  crushing  or  in  j 

ishing  when?  maximum  crushing  capacity,  or  minimum  sliming  of  ore  is 

bject  fioughfc.    The  front  face  of  all  four  sides  of  this  opening  are  planed 

th>.  cy  r^.-tf  ft  flat  bearing  and  a  tight  joint. 

tl  a  of  single  and  double  issue  batteries  among  the  mills  studied 

Miih  with  single  issue  are:  55,  57,  58,  69,  60,  61,  62,  63,  64,  66,  67, 

%  75,  76,  77,  85  and  88.     Mills  with  double  issue,  but  with  only  the 

front  one  used   are:   71,   74,   82,   83. 
Mills  with  double  issue  both  used  are: 
^'7,  53,  56,  84,  87 ;  the  reasons  for  these 
will  l)e  understood  by  referring  to  the 
outlines  of  these  mills  in  Chapter  XX. 
Mills  27.  84  and  87  bring  the  rear  dis- 
charge through   a  canal   4   inches   in 
diameter  cast  from  back  to  front  in  the 
bottom  of  the  mortar,  as  shown  in  Fig. 
115,    while    Mill    56    has    front    and 
rear  outside  amalgamated  plates.      At 
all  the  mills  use  double  issue  with  no  battery  amalgamation.** 
oharge  is  not  used  it  is  closed  by  boards  which,  to  prevent  wear, 
are  faced  with  ^*inch  iron  plate  which  is  blocked  forward  near  the  stamps  to 
"  Qcreaae  rapidly  of  stmnping. 

§  145.^  Thk  Screen  (see  Fig.  90)  is  mounted  in  a  wooden  frame  and  is  often 

rided  into  several  panels  as  in  Fig  112a.     Screens  are  made  either  of  punched 

i»t^  or  wire  cloth.     The  holes  in  plate  are  either  round  or  slotted,  while  those 

cloth  are  square  or  nearly  so.*     The  efBciency  of  stamp  screens  depends  upon 

the  me  of  hole*  (2)  the  percentage  of  opening,  that  is,  the  ratio  of  open 

to  the  net  screen  area. 

_  146.  Pi*ATE  Screens. — The  method  of  punching  is  not  without  influence. 

Brand  holes  used  for  coarse  stamping,  namely  0.04  inch  (1  mm.)  in  diameter 

*  aboTe,  and  for  medium  stamping,  about  0.0:3  inch  (0.75  mm.)  in  diameter^ 

always  cleur  punched,  likewise  slots  for  similar  work   (see  Fig.  117) ;  but 

kr  Rn^  i-'*  .  0.02  inch  (0.5  mm.)  in  diameter  and  less,  the  latter  are  gen- 

_^     ly  bv  i*ed   (i^e  Fig.  118),  because  a  thicker  plate  can  be  used.     A 

"eloAT  pui  It?  by  a  tool  which  has  a  sfjuare,  sharp  edge  and  which 

rata  out  V  the  size  and  shape  of  the  holf-.     The  buhr-punched 

bote  IB  made  by  a  thicker  tool  which  makes  an  indentation  in  the  plate  when 

nn  ii  vn<A'rf  in  flip  die,  just  ^Qojy  ciiough  to  tear  the  metal  asunder. 

ij  clear  punched  hole  would  seem  to  be  about  0.014 

lih     The  limit  is  governed  by  the  fact  that  the  punching 

cir»?  liable  to  brt^ak,  thereby  increasing  the  cn«t  of  the  screen,  when  it 

'    "  "       '    "       '         '    '    --  diameter  than  the  thickness  of  the 
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plate*    The  most  extreme  ease  found  by  the  author  h  in  Mill  86,  Table  95, 

rhfire  the  width  of  the  slot  is  54%  of  the  thickness.     Holes  less  than  0.014  inch 

'  wide  require  nlate  so  thin  that  it  has  not  sufficient  strengtlL     The  size  nf  hoi 

in  buhr-puDched  j^creens  is  limited  by  the  ability  to  regulate  the  space  torn. 

§  147.  Arilvngement  of  Holes. — Slots  are  punched  either  vertical,  diagond 
or  horizontal,  and  either  in  line  or  staggered.  When  the  slots  are  staggerd, 
the  strains  due  to  punching  are  distributed.     For  discharging  the  particles  wiii| 

diagonal  slots  or  horizontal  slots,  stag' 
gered,  every  grain  which  slides  don 
the  screen  plate  passes  over  the  slots; 
with  the  vertical  slots  a  limited  num-J 
ber  of  grains  only  will  be  in  line  withl 
the  slots.  This  apparent  advantage  of 
the  former  two  classes  of  screen  m%\ 
be  partly  or  wholly  neutralized  by  lbe| 
wash  of  the  stamps. 

Round  holes  are  arranged  in  row 
making  either  60**  or  90**  with  each  I 
(see  Figs.  119  and  120),  As  shown  in  Table  91  the  former  gives  1.154] 
times  as  much  percentage  of  opening  as  the  latter  when  the  diameters  of  tbeJ 
holes  and  the  spaces  between  them  are  the  same.  Tabic  03  at  90**  gives  a  littlfl 
higher  percentage  of  opening  than  Table  94  at  GO*',  but  this  is  done  by  ha  vie 
narrower  spaces  between  the  holes.  *" 

!rABL£    91. — SHOWING    THE    PERCENTAGES    OF    OPENING    OBTAINED    WITH    HOW" 

LAID  OUT  IN   60**   AND  90**    BOWS,   WITH   VAKVING   KATIOS  OF  SPACE 

TO  DIAMETER  OF  HOLS. 


FIG.  119. — HOLES 
ARRANGED  IN 
60'    ROWS. 


FIG.  120. — HOLES 
AIJRAXGLO  IN 
90  "^    BOWS. 


Space  betweeo  Holea. 

Percentage  of  Opening. 

Ratio  of  flO"  to 

«0»AiTaDg©- 

meot 

With  W»  Bowii. 

With  80*  Rows. 

EqunJE  U  the  diameter. . . . 

Equals  tEe  diameten ...... 

Equals  twioe  the  diameter 

84.91 
S.7» 

40.99 
88.67 
10.07 

K15I 

MM 
I.IM 

Tables  92,  93  and  94  give  the  proportions  used  by  different  manufacturers  in 
making  plate  screens;  Table  95  gives  details  of  plate  screens  from  the  millB. 

TABLE   92.^-GIVING    HABBINGTON    ft    KING'S   SCREENS    WITH    ROUND    HOLES    LAID  J 
Oirr    IN    EQUILATERAL    TRIANGLES    (60"*    ROWS). 


Nomber  of 

Dtametef  Of 

Needle, 

Hole. 

Indies. 

Mm, 

» 

d.OSfi 

0.635 

6 

o.ofle 

0,711 

5 

0.089 

0.81S 

t 

o.oia  , 

1,070 

HpAoe  between 
Holea 


iDcbes. 

0.064 
O.OflS 
0.087 
COM 


ThiclcikeK  of 
PUte. 


Inches, 
0,01804 

0.01410 
0.01 B04 
0.0190 


Rntfo  of  Holes 
to  TbickDess. 


Peroeotaiee  of 

Openlas. 


TABLE  9S, — GIVING  MUNDT^S  SCREENS  WITH  ROUND  HOLES  LAID  OUT  IN  8QUABB$| 

(90**    ROWS). 


Tfade  Number. 

Diameter  of 
Hole. 

Space  between 
Holes. 

ThlckDeu  of 
!         Plate. 

Ritio  of  Holeo 
to  ThIolmasA. 

PercentAgoof 
OpeDln^, 

00 

iDGhea. 
0.090 
O.0B8 
O.OCT 
O.OW 
0,010 
0.00 

Mm. 

o.Boe 

O.E»i 

o.oao 

0,888 
O.WO 
1,140 

iQohes. 
0,090 
O.Olfif? 
O.GfiSO 

o.ono 

0.0S7T 
0.0S17 

locluw, 

0,0901 
0.0001 

0.02967 
O.OSIOO 
0,O40S 
O.M03 

1.00 

i;^ 

L08 
O.W 
LIT 

n,ot 
9.00 
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II 


k- 

Diameter  of   , 

Space  between 

B&tio  of  Hole 

Perceotnf^  of 

EL 

Hole. 

Hotea. 

to  TWcknesa, 

Opening. 

F 

Inches. 

Um. 

Inchea. 

Bmaia  Gauge  No- 

Inohea. 

% 

10 

0.018 

0.4S7 

O.O70 

8 

0.01264 

1.42 

la.o 

% 

0.090 

0.608 

0.077 

0 

0.01419 

1.41 

14J 

1^ 

o.oes 

0»« 

0,033 

10 

0.01584     1 

1,88 

15.5 

^ 

0*09 

0.0» 

0.071 

11 

0.01700 

1.40 

17.8 

" 

OJW 

o.m 

0.115 

18 

0.01000 

1.47 

13.6 

'© 

ooai 

O.OOG 
0.6© 

0.818 

o.ni 

13 

0.01000 

1.66 

15.0 

0*8«» 

OJ08 

18 

0.00010 

1.74 

16.9 

9 

KOTO 

0.101 

14 

0,08195 

1.91 

90.S 

( 

OMO 

i.sao 

0,004 

16 

0.00434 

«.0t 

83.6 

I' 

0,00 

1.4T0 

0.08S 

10 

0.03000 

1.9S 

88.0 

TABLE   95. — DETAILS  OF   PLATE   SCREENS   FROM    THE   MILLS. 

L— B.  SL^^Buhr  Blot;  B  T  Pl  =  Buroed  tin  plot©;  Dole  ^flollars;  D,  8I.=trtapoiiftl  ilotrIn.= 
i«l0;  No  =  Number:  Pt= Plate;  B.  00«= Round  boles  arraDircd  in  00"  rowB;  R.  I,=RuiiBia  Iron; 
u^S(iiiar«  iDcbea^  T,  PL=Tlii  plate;  U  T  Pl=Uiibunied  tin  pUte. 


Size  of  Hole.  (^) 


In. 
O.W] 

0,085 


con 

0.084 

0.080 
0.087x0.376 

o.oao 

0.094 
0.085x0.6 


oofiixo.as 

0.090 
O.OQO 


«   { 


Mm. 
0*787 

0.685 


0.818 

0.615 

0.751 
0.686x9.68 

0.7Q8 

0.610 
0.635x18.7 


0.660x6.85 
0.768 
0.768 


i0,488z9.58 
i  0.787X9.65 


6 
4  or  6 


4 


7 

n 

7 


im 


In. 

9 

ISorJ 


8 

84 
6 


(e) 


48 


64 


9«  S8' 

10"  m' 


12»  54' 
O-  88' 
4*  46' 


10»  0' 
10-  0' 


Dola. 
0.60 


g.5S 


1.90 
0.40 


18*  XO' 


9-  88' 
0-  0' 


9.60 


M.40 
0.40 


1.60 


15 

14 
15 


80-35 
cl4 
14 
18-4M 


86.0fi 
18.4 
88.8 


n 

cl4 

cl4 

20 

81 


I 

i 

16.94 

19.63| 


88.9 


19.8 

89.9 
23.9 


im} 


70.8 
41,9 

60.0 


76.9 


68.7 
70.5 
70.5 


in) 


K0.7N. 
No.  6  N, 


*).017x0.875 

1 0.06x0.375 

0.081X0.465 

0,€85 

0.094 

o,o8r 


10438x0.53 
J  0.768x9.68, 
0.544x11.8 

0.605 

0.610 

0.696 


m 


(i)  4.9 
(^8.6 
14.S8 


lO^O' 


\  Whtera  onljf  one  dimension  of  a  slot  U  trlveo,  it  !■  the  width  chat  is  meaat,    {b\  Two  end  panels  are  1 1  jri 
I  tw»  Balddw  pUMls  are  IS  iucbes.    (c)  Sometimes  as  high  as  30  days,     id)  Diagonal  bulir  slot,     (e)  About 
(/XTw«iit3r-onedoUarsperdo«eo.    (a>  Two  end  pannls  are  7  inches;  other  five  are  6  incfaea.     (A)  A 
^^MMri^  sftOh  10x14  iJicbea,  cost  |1.35.     (t)  Wbeo  oew,     U)  Whea  worn  out.     ik)  HoriEontal  stagverrd 
)t  iiii<.  iCIfif  ll  »pTr  horlaontallT,  ^  inch  apart  verticallr.  <I>  Thnw-eiRbtbs  of  an  loch  long  and  slightly  below 
*** — ^  —^-—'--^  Mfw;  0.031x0.88  Juch  when  wonj  out.  (m)  Slightly  below  A3%  when  new,  7,9;(  when  worn  out. 

?iare  hiches,  (o)  Theae  are  screens  used  in  Huntington  mills  and  are  put  in  here  for  pur- 
p)  Tertical  staggered  buhr  slot.    iq\  Oldham  mill    (n  Father  de  Smet  tnlU. 

148.  Comparison  op  RoriND  Holes  with  Slotted  Holes. — Id   Tables 

M  and  95,  it  seems  that  for  fine  stamping  the  percentage  of  opening  is 

Ibe  same  in  either  case;  for  medium  stamping  the  round  hole  has  much 

peftsentage  of  opening ;  but  for  coarse  stamping,  that  is,  larger  than  0.04 

[(1  nus),  it  is  probable  that  the  slot  will  be  at  least  as  favorable,  and  may 

m  than  the  round  hole.    For  both  shapes  the  percentage  of  openmg 

toward  the  fine  end.     For  very  fine  stamping,  wnere  buhr  slot  is  usea, 

entage  of  opening  is  very  low.^ 

•  MJS  9L  l%hle  Ms  has  a  ioraeii  «l  this  cIbm  with  oiUy  4.^  of  opening,  while  Rickard^***  aaya  Qtiptn  County 
l»vhiikriiQ4va 
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Slots  should  be  less  inelined  to  blind  up  than  round  holes,  for  in  the  former 
a  particle  will  usually  have  but  two  points  of  bearing,  while  in  the  latter  it  will 
have  three. 

Bound  holes  strain  the  plate  more  in  the  punching  than  the  slotted,  owing  to 
the  method  of  punching.  For  this  reason  it  follows  that  for  a  given  width  of 
hole,  while  round  holes  may  have  a  greater  percentage  of  opening  than  slotted 
holes  when  the  plate  is  thin,  on  the  other  hand,  when  the  plate  is  thick,  slotted 
holes  which  do  not  have  to  increase  the  spaces,  will  have  a  much  greater  per- 
centage of  opening  than  round  holes,  which  do  require  an  increased  space  between 
the  holes.  For  example,  to  give  an  extreme  case,  Fraser  &  Chalmers  state  that 
to  punch  round  holes  0.07878  inch  (2  mm.)  in  No.  12  steel  (0.109  inch  thick), 
the  spaces  between  the  holes  would  have  to  be  quite  large,  say  \  inch. 

Slots  will  pass  larger  flat  or  elongated  particles  than  round  holes,  in  fact  a 
more  uneven  product.  This  may  make  a  slotted  screen  advantageous  when 
stamping  graphite,  mica,  or  any  laminated  mineral. 

§  149.  Placing  the  Screen. — All  holes,  whether  clear  punched  or  buhr 
punched,  have  more  or  less  of  a  buhr,  and  this  buhr  is  always  placed  toward  the 
stamps  to  prevent  blinding  up  the  hole.  This  is  true  because  the  hole  is  slightly 
wedge-shaped  and  a  particle  which  can  enter  the  small  end  will  free  itself  at  the 
large,  while  the  movement  in  the  opposite  direction  might  blind  the  holes. 

§  150.  Cloth  Scbeens. — These  are  woven  of  wire.  They  are  single  crimp 
or  double  crimp.  In  double  crimp  cloth  the  woof  is  crimped  nearly  as  much  as 
the  warp;  in  single  crimp,  the  woof  is  nearly  straight.  Double  crimping  pre- 
vents spreading  of  the  wires.  The  cloth  screens  used  in  the  mills  visited  are 
given  in  Table  96.    They  show  that  there  appears  to  be  no  definite  ratio  between 


TABLE  96. — ^DETAILS  OF  CLOTH  SCREENS   FROM  THE  MILL8. 


Abbreviations.— B  W  OsBinningham  Wire  Gauge;  Doleksdollars; 
square  inches. 

In.=iDehe8;  No.=number:  8q.  Iils 

Hiii 

No. 

M&tonoliif 

h 

BWG 

i 

NetBijwof 
Hole. 

°i 

%^ 

1 

I 
Days. 

1 

08 

steel.......... 

Steel.... 

"X^fosm    . . ... 

10 

m 
a4 

14 

B 

m 

30 

i« 

80 

as 

40 
or  80 

In. 

0,(3946 

0.0075 

Mm. 

In. 
11 

Id. 
»4 

7*    W 

Dolfl. 

% 

SO.fi 
I«.4 

^fe 

M 

* 

66 

56 

If^yO,  ^, ^ 

or  31 

0.04S1 

o.oaa 

0.0S18 
ori>.0SS3 

I.TO 
l.W 
O.fHI 

h 

il 
10 

li 

90*    & 

,% 

10 
4S    1 

MM 

85,4 
40.0 

or  48,0 

Ml  8 

6B 

Braaa ] 

Brass 

Mi.4 

ffl 

orS9l.4 

fiS 

gjteel.... 

» 

O.€90a 

o.iie 

13 

14 
14 

W    0' 

'4«*ifl^ 
11*  80' 

1.7B 

1,35 
8.00 

a 

80 

6 
7 

87.1 

is7  i 

^ 

Brass ......... 

BrasB  ....  * . . . 

m 

80 

m 

0.OM& 

o.oaoa 

O.OlCfl 
0.01© 

\ 

0.510 
0.48? 
0.4C6 

*  80.7 
S7.1 

aa.a 

41,0 

141^1 

81 

Bteel.... 

101.1 

fit 

Brass 

S4 

Brass ......... 

n 

Ifi 

4*  W 

19-2*' 
10-    0' 

40. 1 

87 

Steel 

<ci 

Brasfl. ........ 

*"*1 

\ 

1 

..i,K4.. 

(a)  This  screen  is  52  inches  long,  including  the  uprights  between  the  pasels,  i 
foot.    (6)0.08Blncbee.  (c)  Caledonia  miU. 
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the  diameter  of  the  wire  and  of  the  hole  for  this  class  of  screens.  The 
of  Mill  53  is  noteworthy.  This  mill  has  double  discharge  at  the  level  of  the 
(lie  and  requires  heavy  wire  to  stand  the  wear.  The  heavy  wire  halves  the  per 
centage  of  opemng,  but  the  double  discharge  restores  this,  leaving  the  net  gain 
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in 


lit  -irgc  18  ui  the  level  af  the  die  with  the  same  amount  of  opening  as 

Qgk   ...  ....^^,1%  bat  with  a  strong  screen. 

TABLE    97. — TYhEU   DOUBLE   CHIMPED    STEEL    OR    IRON    BATTERY    CLOTH, 
AbbrpvioUofUL^W  &  M=  WaAbburn  ^  MoeD. 


tobMper 

tMnmeterof 

DIamaterof 

Diameter  of 

DLameter  of 

Batlo  of  Wire 

Pterceatageof 

l^mmtJaeb. 

Wire. 

Wire. 

Hol<*, 

Hole, 

to  Hole. 

Opening. 

1 

W£H(]AU^&Na 

Inchea. 

laeknea. 

Mm. 

$ 

lii 

0,041 

0.0188 

1.07 

0.069 

86.80 

^B^.^.M 

40 

a.oss 

0.0864 

0.085 

O.QOl 

20.01 

^^^^^H 

81 

o.a» 

0.0846 

0.87« 

0.819 

80.47 

^^^^^H 

» 

O.OM 

o.oaoo 

0.777 

0.B18 

ao.84 

^^BQv 

M 

0,00 

0.0970 

0.686 

OWi 

30.16 

» 

o.ow 

O.0S5S 

O.Mfl 

0.788 

81  .as 

9 

0.010 

0.0837 

0.60S 

0.700 

88.87 

«r 

O-OIT 

0.08)6 

0.646 

o.7wr 

81.18 

17 

o.oir 

0.0187 

0.475 

0.9QB 

87.47 

« 

O.Ul« 

0.0178 

0.430 

O.088 

87.08 

80 

0  014 

0.ON6 

0.871 

0.961 

86.00 

SI 

0.013R 

0-0115 

0.808 

1.174 

^.15 

88 

0.011 

O.OiltJ 

0.884 

0.000 

85.40 

M 

0*010 

U.OIUO 

0.864 

1.000 

86.00 

88 

0.0095 

0.0087 

0.881 

l.Crt5 

88.79 

m 

0.0006 

0.0078 

0.168 

1.327 

16.46 

w 

sr 

0.0086 

0.0068 

0.147 

1.466 

16.48 

m 

40 

o.m 

0.0066 

0.140 

1.878 

19.86 

■                 TABLB    ^8. — ^TTLER    DOUBLE   CRIMPED 

BILISS    BATTERY    CLOTH. 

f 

Abbrev&tloiia.-0.  E.=Oid  EdkUiIi. 

• 

FwfN»i»«r 

Diametwof 

Diameter  of 

Diameter  of 

Diameter  of 

Ratio  of  Wire 

UaarlS. 

W*m 

Wire. 

Hole, 

Hole. 

to  Hole. 

OpeaiDg. 

OJE.QMIC«I7o. 

laches. 

Inches. 

Mm. 

% 

1        ^ 

nr 

O.OIO 

0.W33 

J. 10 

0.088 

87.08 

1        H 

m 

0.086 

{i.ism 

0.886 

0,961 

86.01 

1        M 

SI 

0.0915 

0,(1310 

0.757 

1.016 

84.00 

I        If 

m 

0.0886 

0.C861 

0.608 

1.189 

81.00 

1       ^ 

m 

0.«7 

0.0830 

0.584 

1.174 

31.16 

W      m 

m 

0.085 

0.(]806 

0.681 

l.SSB 

20.84 

m 

m 

0.083 

0,0187 

0.476           1 

1*888 

80.06 

m 

m 

0.018TO 

0,0146 

o.8n 

1.886 

10  J8 

m 

0.0165 

o.cnai 

0.8® 

1.186 

80.88 

ft      ^ 

80 

0.01876 

o.oiia 

0.887 

1.8SS 

ao.»4 

I        80 

a» 

0.01185 

0.«l88 

0.884 

1.866 

19.14 

1      ^ 

86 

0.000           ' 

0.0077 

0.100 

1.175 

81.18 

1      ^ 

87 

0.0065 

0.0078 

0.198 

0.8M 

39.78 

1  - 

88 

0.0067S 

0.0068 

0.178 

1         0.868 

80.16 

Tables  9?  and  98  give  the  ekes  of  steel  and  brass  cloth  offered  by  one  of  the 

standard  makers*  and  show  that  the  ratio  of  the  thickness  of  the  wire  to  the 

diameter  of  the  hole  is  lees  where  the  steel  or  iron  is  used  than  with  brass^  and 

consequently  the  steel  or  iron  screens  have  a  little  higher  percentage  of  opening. 

"^  ^h\.  Comparison  of  Cloth  and  Punched  Plate  Screens. — ^The  most 

.  orthy  point  from  the  mills,  as  shown  in  TRbles  1>5  and  t^G,  is  thnt  the  wire 

^ens  have  a  larger  percentage  of  opening  than  the  plate  screens.     This 

is  not  so  marked  in  the  manufacturers'  lists  (see  Tables  92,  93,  94, 

d  US).     The  pej-centage  of  opening  in  fine  wire  screens  is  about  as  large  as 

.irse,  while  in  fine  plate  screens  it  is  greatly  reduced.     In  using  the  former, 

one  siYf«  percentage  of  opening  and  sacrifices  strength.     In  the  latter,  vice  versa. 

Cloth  screens  have  holes  that  are  approximately  square  and  therefore  discharge 

itij  largi^T  grains  than  circular  holes  of  the  same  diameter.    The  plate 

fold  the  tendency  to  spread  seen  in  wire  cloth.     Wire  screens,  owing 

irger  percentage  of  opening,  cause  less  sliming  of  the  ore  than  the 

the  piirtieles  can  earlier  leave  the  battery.     Again,  wire 

ived  and  there  is  tliiTcfore  less  discrepancy  between   the 

diameters  of  the  hok-s  in  the  new  and  the  discarded  screcna  and  the  pulp  wilt 

\msm  onifonii  thiin  with  plate  screenSt 
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§  152.  Designation  of  the  Sizes  of  Holes  in  Stamp  Screens. — ^For  plate 
screens  there  are  four  methods^  as  follows:  (a)  By  giving  the  actual  size  of 
the  holes  in  decimals  of  an  inch  or  in  millimeters.  This  is  to  be  preferred, 
because  it  tells  the  mill  man  the  size  of  grain  the  screen  will  pass. 

(6)  By  numbering  the  screens  according  to  the  diameters  of  sewing  needles 
to  which  the  holes  purport  to  correspond.  This  is  indefinite,  because  the  needle 
sizes  of  one  firm  differ  from  those  of  another.^**  The  majority  of  manufac- 
turers, however,  have  agreed  upon  the  sizes  shown  in  Table  99.    In  the  case  of 


TABLE  99. — sizes  OF  NEEDLES  FOB  8CBEEN8. 

Needle 

Thickness  of 

Diameter  of 

Diameter  of 

Needle 

Thickness  of 

Diameter  of 

Dfamelerof 

No. 

Plate,  (a) 

Hole. 

Hole. 

No. 

Plata 

Hole. 

Holfli 

Inches. 

Inches. 

Mm. 

Inches. 

Inches. 

Mm. 

0.0S48 

0.058 

1.47 

7 

0.0191 

0.084 

0.61 

t).0a48 

0.049 

1.85 

8 

0.0179 

0.088 

0.86 

0.(»48 

0.049 

1.07 

9 

0.01594 

0.080 

0.61 

0.0248 

0.035 

0.89 

10 

0.01419 

0.018 

0.46 

o.oaiQ 

0.0S9 

0.74 

11 

0.01864 

0.0166 

0.41 

o.oaoi 

0.087 

0.09 

18 

0.01864 

0.016 

0J8 

(a)  The  thickness  of  the  plate  is  taken  from  Fra&dt  &  Chalmers*  catalogua 

a  slotted  screen  the  width  of  the  hole  is  the  dimension  which  designates  the  siie 
of  the  hole. 

(c)  By  the  meshes  of  sieves  which  purport  to  correspond  to  the  sizes  of  the 
holes.  This  method  is  misleading  and  should  be  abandoned,  since  sieves  with 
the  same  mesh  but  with  different  diameters  of  wire  have  different  diameters  of 
hole.  See  (a)  under  designation  of  cloth  screens  below.  This  method  is  all 
the  more  confusing,  since  some  manufacturers  use  the  term  mesh  to  express  the 
fractional  size  of  the  hole.     Thus  40-mesh  means  a  hole  ^  inch  in  diameter. 

(d)  By  various  trade  numbers.  For  example,  screens  made  in  Central  City, 
Colo.,*  are  labeled  0,  1,  1^,  etc.,  the  size  IJ  being  about  equivalent  to  SO-mesh 
brass  screen.  In  the  same  way  tin  screens  are  sold  under  three  numbers,  No.  0, 
No.  1,  No.  2.  Samples  of  these  measured  bv  the  author  gave  the  diameter  of 
the  holes  as  0.026  inch  (0.658  mm.),  0.032  inch  (0.814  mm.)  and  0.040  inch 
(1.018  mm.)  respectively,  and  there  were  20,  18  and  15  holes  per  linear  inch 
laid  out  in  90°  rows.     The  plate  was  0.016  inch  thick  in  all  three  cases. 

The  designation  of  sizes  for  cloth  screens  is  made  in  three  ways: 

(a)  By  the  number  of  holes  to  the  linear  inch.  This,  if  the  size  of  wire  is 
given  in  decimals  of  an  inch,  defines  the  actual  size  of  hole,  otherwise  it  is  mis- 
leading. See  Mill  58,  Table  96,  and  diameters  of  holes  in  60-  and  TO-mesh 
brass  cloth.  Table  98.  There  is  another  objection  that  in  many  cases  an  actual 
count  of  the  holes  per  linear  inch  will  give  a  different  number  from  that  desig- 
nated. 

(6)  The  method  commonly  adopted  abroad  is  to  designate  the  number  of 
holes  in  a  square  centimeter.  This  is  more  unsatisfactory  than  the  use  of  the 
number  of  meshes  to  the  linear  centimeter;  first,  because  one  must  extract  the 
square  root  in  order  to  get  the  number  of  holes  per  linear  centimeter;  secondly, 
because  after  obtaining  the  number  of  holes  to  a  linear  centimeter,  one  does  not 
then  know  the  diameter  of  the  hole. 

(c)  In  South  Africa  the  number  of  holes  per  square  inch  is  given.  This  ifl 
open  to  the  same  objections  as  (6). 

§  163.  Gauges  for  thickness  of  plate  and  diameter  of  wire  lead  to  great  con- 
fusion. There  are  no  less  than  eight  gauges  in  the  market,  viz.:  (1)  American, 
or  Brown  &  Sharpens  gauge.     (2)   Birmingham,  or  Stubs'  wire  gauge.     (3) 

•  Private  oommunloatioB  from  T.  A.  Bkkud, 


1  States  staTicTard  gauge  for  sheet  and  plate  iron  and  ptcrl.     (4)   Koeb- 

[lings,  or  Washburn  &  Moen's  gauge.  (5)  Trentnn  Iron  Co's  wire  gaufje.  (t>) 
Old  Englisli  wire  gauge.     (7)   Russia  gauge  for  Ruesia  iron,     (8)  0,  W,  Pren- 

|ti£s'  gauge. 

Fraser  &  Chalmers,  Catalogue  7,  3d  edition,  pp.  8  and  9,  give  gauges  Nos. 
1.  2»  4,  5,  6,  T  and  8.  Kent's  **Mech.  Eng.  Poeketbook,"  p.  28,  gives  gauges 
Nos.  1,  2,  3,  4  and  5.  Tyler's  Catalogue  p/8,  gives  gauges  Nos.  1,  2,  4  and  6, 
AU  of  these  gauges  are  arbitrary  and  their  nunil)er8  do  not  express  directly 

I  the  actual  diameters  of  wires  and  thickness  of  pinte  used-  The  Railway  blaster 
Mechanics'  Association  and  the  American  Steel  IManufiieturiMV  AssociatioTi 
have  both  decided  to  adopt  for  wire  and  plate  the  decimal  micrometer  gauge,*^'* 

I  and  it  would  seem  to  be  a  proper  time  for  the  ore  dresj^er  to  do  tlie  same.  In 
pursuance  of  this  idea,  the  author  has  given  Iiolh  inches  and  millimeters  ft»r 
the  net  diameters  of  holes  in  screens,  whenever  obtainable. 

In  conclusion,  there  seem  to  be  three  facts  that  are  all  important  for  the  ore 

|dres4?er  to  know  in  deciding  upon  the  kind  of  screen  to  use:  (a)  The  exact 
diameter  of  the  hole,  controlling  the  size  of  his  pulp;   {b)   thn  percentage  of 

i  Df)ening,  showing  the  freedom  of  discharge  and  the  strength  of  the  screen;  (e) 
the  thickness  of  the  plate  or  wire  indicating  the  strength  of  the  screen. 

§  154.  Material  and  Cost  of  Sitieens. — Plate  screens  are  made  of  Russia 

laheet  iron,  steel  plate*  burned  tin  plate  and  unbtirned  tin  plate.  Besides  these, 
tin  bronze,  phosphor  bronze,  aluminum  bronze  (95%  copper  and  5%  aluminum), 
and  copper,  have  all  been  tried.  Cloth  screens  are  made  of  steel  wire  or  brass 
wire.     In  addition  to  these  phosphor  bronze  and  aluminum  bronze  wire  liave 

ibeen  tried. 

(fl)  Iron  and  steel  plate  or  cloth  have  advantage  of  strength  and  cheapness 
of  first  cost,  but  they  are  liable  to  be  attacked  by  acid  water.  An  example**  of 
the  effect  of  acid  water  in  shortening  the  life  of  Russia  sheet-imn  buhr-puuched 
plate  screens,  is  shown  in  Table  100,  of  five  tiilpiu  County  mills,  each  of  which 
receives  the  water  from  the  one  above.     The  water  acquires  acidity  in  each  mill 

TABLB   100. — EFFECT   OF   ACID    WATER    ON    SCREENS. 


Mm, 

IJf^  of  Bcr^ns. 

Hlddi"!)  Tr^fuiiire  ,<.....  ^ ..  ^ ...... . 

nays. 
SI 
75 
00 
95 
16 

Priie , 

NewYork 

Rdiidolpb *...-, 

I 


from  oxidation  of  pyrite.  The  abnoniially  high  drop  between  the  third  and 
fourth  mills  is  due  to  acid  water  from  a  mine  entering  the  creek  at  that  point. 
Kickard  recommends  the  use  of  quicklime  for  neutralizing  the  acid.  At  Star 
of  East  mill,  Ballarat,  one-half  bucket  of  quicklime  to  each  battery  every  two 
hour?,  prevents  black  scum  forming  on  the  plate.  At  Brittania  United  mill. 
Ballarat,  they  use  5  pounds  of  quicklime  to  each  battery  every  24  hours.  A  very 
effective  wayto  neutralize  the  acid  would  be  to  run  lime  water  from  a  tank  which 
was  charged  with  a  little  fresh  slaked  lime  once  or  twice  a  day,  into  the  flume 
which  brings  water  to  the  mi  IK  at  a  point  far  enough  back  to  thoroughly  mix 
the  two  liquids.  Surface  ores  often  give  more  trouble  from  acid  water  than  those 
that  are  undecomposed. 

(6)  Tin  plate  screens  rank  as  low  first  cost  screens  (see  Mills  69  and  73, 
8155).     The  iron  used  for  making  tin  plate  is  of  a  very  high  grade.     Th«\v 
to  be  preferred  over  the  ordinary  untinned  or  **black'*  plate,  wkich  is  of 
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equally  good  quality  and  would  save  the  cost  of  tinning.  The  reason  of  this 
may  be  that  the  tin  acts  as  a  rust  preventative  until  the  screen  is  to  be  used. 
It  is  common  to  hum  the  tin  coating  in  a  forge,  mainly  to  oxide,  to  prevent 
amalgamation  of  its  surface.  Some  mill  men  consider  this  diflSculty  insig- 
nificant, and  do  not  burn  the  tin. 

(c)  Brass  cloth  has  moderate  first  cost  and  resists  action  of  acids,  but  it  has 
not  the  strength  of  iron  and  steel  and,  therefore,  must  be  made  with  larger 
wire.  (Sec  TabJes  97  and  98).  It  is  said  that  brass  wire  screens  have  less 
tendency  to  spread  than  steel.^^ 

Copper  plate  ^  inch  thick  is  used  in  one  Australian  mill.  It  has  long  life.** 

(d)  Tin  bronze,  phosphor  bronze  and  aluminum  bronze  plate  and  doth  have 
all  been  tried.     They  have  long  life  but  very  high  first  cost. 

The  cost  of  mill  screens  per  ton  of  ore  crushed  is  given  in  Table  101.  The 
great  variation  shown  there  in  cost  of  screens  per  ton  is  due  more  to  the  height 
of  discharge  than  to  the  quality  of  the  screen  or  the  ore.    This  table  shows 


TABLE  101.— COST  OF 

SCREENS  PER  TON  OF  ORE  CRUSHED,  FROM  MILLS  VISITED. 

r 

Material  of  Screen. 

Cost  of  Full 
Screen. 

Capacity  of  5 

Stamps  per  24 

Hours. 

Life  of  Screen. 

Life  of  Screen. 

Oost  of  ScrasB 
Oraneo. 

56 

Iron  cloth ,.,,,.,, , 

Dollars. 
8.S8 
0.50 
0.625 
0.68 
1.90 
0.40 
8.60 
1.78 
1.75 
0.40 
0.40 
1.60 
1.78 
1.85 
8.00 

Tons. 
80.0 

8.0 

7.6 
15.0 
15.6 
17.5 
14.85 

8.75 
18.5 
17.6 
17.5 

5.7 
11.0 
10.0 
18.5 

80 
15 
15 

V^ 

81 

6 

88 
14 
14 
81 

6 

7 

Tons. 

i;no 

118.6 

885 

486 

815 

801 

68.5 
400 
845 
845 
461.7 

66 

70 

48.75 

Oenta 
0.186 

67 
60 
61 
64 
66 

Unbumed  tin  plate 

Burned  tin  plate 

Unbumed  tin  plate 

Russia  iron  plate 

Burned  tin  plate. 

O.808 
O.BM 
0.881 
0.446 
0.168 

67 
68 

Russia  iron  plate 

Steel  cloth 

0.865 
3.880 

78 
78 
74 
77 
82 
88 

Russia  iron  plate 

Burned  tin  plate 

Burned  tin  plate 

RiiRsiairon  plate 

Steel  cloth... 

Brass  cloth 

0.487 
0.168 
0.168 
0.847 
8.607 
1.786 

84 

Brass  cloth 

6.857 

that  the  expense  for  screens  per  ton  crushed,  is  so  low  that  the  mill  man  will  do 
well  not  to  strive  for  too  long  a  life  of  screen,  because  he  may  be  losing,  in  the 
coarser  tailings  resulting,  several  times  as  much  as  an  earlier  change  of  screens 
would  cost.     (Sec  §  155,  on  aluminum  bronze  at  Homestake  mill.) 

§  155.  Choice  of  Screens. — In  regard  to  choice  of  screens,  each  mill  man 
must  study  his  own  problem  for  himself.  In  general,  he  will  consider  four 
things:  (a)  High  capacity  in  tonnage;  (6)  high  percentage  of  extraction  of 
free  gold  on  amalgamated  plates;  (c)  high  percentage  of  extraction  of  sul- 
phurets  on  vanner;  (d)  low  cost  of  running. 

The  following  paragraphs  give  the  results  of  experience  in  some  mills: 

At  an  Amador  County  mill  unbumed  tin  screens  0.016  inch  thick,  punched 
with  round  holes  in  rows  at  90°,  0.031  inch  (0.787  mm.)  diameter,  having 
0.025  inch  space  between  the  holes  and  24.45%  of  opening,  crushed  21}  tons 
per  battery  in  24  hours;  while  diagonal  slotted  screens  0.026  inch  thick  with 
holes  0.023  inch  (0.584  mm.)  wide  and  0.25  inch  (6.36  mm.)  long  and  with 
14.16%  of  opening,  crushed  only  7^  tons  per  battery  per  24  hours,  all  the  other 
conditions  remaining  the  same. 

In  Mill  86  the  heavy  diagonal  slot  screen  which  proved  sacoessful  in  the 
Huntington  mill  (see  Table  95),  failed  in  the  stamp  mUl  on  account  of  choking, 
probably  due  to  the  thickness  of  the  metal. 

Mill  71  uses  30-mesh  brass  cloth.  With  this  they  netted  more  oonoentrates 
on  the  vanner  than  with  40-me8h  brass  cloth.  Plates  with  round  and  slotted 
holes  were  tried  and  condenmed  because  they  discharged  too  slowly. 


Mill   Gl   found  ulnffrd  black  iron  .sercciis  gave  poorest  resnltF.     Brass  wirp 

^t  fiji  guvr  bt'ttpr  re.<ii!t*i.     Tin  plate,  iinfmrned   (see  Table  95),  proved  the 

Ft  both  io  freedom  of  discharge  and  eheapness.  '  The  holes  do  not  blind  up, 

id  the  soft  tin  protects  the  iron,  as  paper  does  under  a  sand  blast. 

Mill  €7  found  that  woven  iron  wire  screens  had  too  short  life  and  rusted 

Jy;  that  clear  slot  Russia  iron  and  aluminuni  bronze  plate  wore  too  rapidly, 

ing  coarae  crushing;  that  clear  slut  bras?;  ^plit;  that  buhr-slot  Russia  iron 

jrag  mofeit  satisfactory,  as  the  slots  can  be  closed  up  when  worn  and  the  life 

V'n'by    increased    150    to   200% ;   that    probably    buhr-slot    almuinuni   bronze 

would  be  better  still. 

UtU  6  J)  has  adopted  No.  0  punched  tin  instead  of  30-nie8h  woven  fit  eel  wire, 
because  it  is  cheaper  and  it  discharges  better.  The  former  costs  10  cents  per 
square  foot  delivered,  while  the  latter  costs  34  cents  per  square  foot  and  the  life 
is  not  materially  different.  The  former  has  round  holes  0.030  inch  (0J)58  mm.) 
diameter  and  21,0%  of  opening,  and  the  latter  has  square  holes  0.0178  inch 
iOA52  mm.)  diameter  and  38.5%  of  opening*  The  number  of  holes  remaining 
after  each  screen  had  served  its  time  in  the  battery  (about  10  days)  is  as 
'  ws : 


Ko.  0  PuDcbed  TiD  Sore&ii. 


mi      u  M  U  * 


,10%  of  boles  open. 

::%    ••     >• 


aO^Meah  Steel  Wins  ScreeD, 


Ivt  laeb  Above  discb&rge. .MH  of  bolea  open. 

ad    **      ''  *■      m      " 

3d      "        **  "       flfiif       "  ** 

4tli    **        **  "        76*        "  •' 

6tli,6tlvTUi,  8th  Inches,. 90jl       **  ** 


^B  At  the  Gover  mill,  Amador  County,  Cal.,**  for  medium  hard  ore  with  gold 
^of  medium  fineness,  30-meBh  brass  cloth  is  used,  and  lasts  35  to  55  days.  For 
oretf  rich  in  pyrite,  SO-mesh  steel  cloth  is  used,  giving  rapid  disehnrge  and  last- 
ing  20  to  30  days.  When  the  gold  is  very  fine  and  as  usually  happens,  the  ore 
is  very  hard»  punched  Russia  iron,  No.  7  needle  (0.035  inch  or  0.635  mm.),  is 
meed.  This  retains  the  pulp  long  in  the  battery  and  causes  fine  crushing.  Such 
teens  last  40  to  GO  days. 

At  the  Golden  Star  mill,  So.  Dak.,*'  wire  cloth  was  blinded  and  broken  by 
ips  and  the  diihculty  wag  overcome  by  changing  to  punched  plates. 
At  the  Phtenix  mill,  Otago,  New  Zealand,^*  plates  blinded  too  rapidly  and 
ire  w?nK?n8  were  perferred. 

B**rnard  McDonald  states  that  slotted  plates  for  equal  diameters  of  grain 
were  dis^cardcd  for  wire  screen,  30  mesh.  No,  29  wire,  O.Ol'TS-inch  (0.15*3  nmi.) 
hoh\  witli  greatly  improved  results  in  diminution  of  slime  and  increased  capac- 
ity. The  mortar  is  very  narrow,  it  being  11  inches  wide  at  the  dies.  It  is 
driren  for  maximum  output  and  when  fed  with  J-inch  material,  yields  3J  ton? 
per  stamp  per  24  hours. 

ITie  Mammoth  mill,  of  Arizona/*  increased  its  stamping  capacity  20%  hy 
joihgtitnting  wire  screen  24  mesh  with  No.  26  wire  for  a  diagonal  slotted  plate 
n,  producing  the  same  hize  of  grain. 

viminum  bronze  screen  0.035  inch  thick,  lasted  Bix  months  at  the  Home- 

stmke  mill,*^  wearing  from  No.  7  (0.034  inch  or  0.61  mm.)  to  No.  5^  (0.028 

inch   or  0,715  mm.)    needle  without   breaking.     The  diagonal   slotted   Eu^ia 

thett  iron  screens  lasted  two  weeks  under  same  conditions.     The  bronze  cost 

cents  per  pound  unperforated. 

At  another  place,**  aluminum  bronze  cloth  Imtjod  17  weeks  while  Russia  iron 

three  weeks;  and  phosphor  bronze  cloth  lasted  several  times  as  long  as 

doth. 
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The  ecn^on  at  Mill  73,  when  new,  measures  0.018  inch  thick  with  buhr  on, 
or  0.013  inch  with  the  buhr  filed  oil.  After  being  worn  about  14  days  it  meas- 
ures 0.011  inch  and  although  the  holes  have  not  visibly  enlarged,  the  screen  is 
discarded,  because  it  is  so  thin  that  it  begins  to  tear.  This  indicates  that  the 
faces  of  the  plates  wear  faster  than  the  sides  of  the  holes.  At  this  mill  better 
results  have  been  obtained  with  burned  tin  plate  than  with  round  or  slotted 
Russia  iron  or  with  wire  cloth  and  at  the  same  time  it  is  much  cheaper.  Tin 
plate  costs  a  little  less  than  12  cents  per  square  foot,  while  Bussia  iron  costs  from 
40  to  75  cents  per  square  foot. 

§  156.  The  Slope  of  the  Screens  varies  in  the  table  from  vertical  to  20" 
from  the  vertical;  10**  is  by  far  the  most  conmion.  The  vertical  screen  has 
hydraulic  pressure  alone  acting  to  discharge  the  particles  of  crushed  ore,  while 
a  sloping  screen  adds  the  force  of  gravity  which  increases  with  the  slope.  A 
sloping  screen  tends  to  retard  the  falling  grains,  thereby  hastening  discharge. 
The  greater  the  slope,  however,  the  greater  will  be  the  tendency  to  blind  the 
screen.    After  a  number  of  tests***  to  obtain  the  slope  of  greatest  eflSciency  of 


FIG.   121. — FRONT  OF  MORTAR,  SHOWING  SCREEN   IN  PLACE. 

discharge,  the  screen  of  the  Newton  mortar  (see  Figs.  114a  and  1146)  was 
made  to  slope  12°  from  the  vertical. 

§  157.  Screen  Frames. — (See  Fig.  112c.) — They  are  made  of  wood,  rarely 
of  iron.  The  wood,  from  IJ  to  2  inches  square,  is  framed  and  pinned  together 
at  the  corners.  They  may  be  shod  with  iron  plate  ^  inch  thick  at  the  three 
or  four  parts  where  the  keys  bear.  The  frame  is  often  divided  by  vertical  bars 
i  to  2^  inches  thick,  into  panels  which  range  from  2  to  8  in  number  (see 
Tables  95  and  96).  These  support  the  screen  but  lessen  the  area  of  discharge, 
(see  §  191.)  The  pieces  of  screen  are  tacked  to  the  inner  side  of  the  screen 
frame  so  as  to  fill  the  panels,  or  to  extend  continuously  behind  the  uprights, 
and  a  strip  of  sheet  rubber,  gunny  sack,  or  blanket,  is  nailed  to  the  screen 
frame  in  such  manner  as  to  make  tight  joints  against  the  planed  faces  of  the 
mortar. 

Mill  64  uses  a  double  screen  frame  (see  Fig.  121).  The  inner  or  main  frame 
A  is  keyed  tight  to  the  mortar,  as  is  usual.  The  outer  frame  B  carries  the 
screen  and  is  attached  to  the  main  frame  by  three  iron  cleats  C  below  and  two 
wooden  wedges  D  above.  The  advantage  of  this  lies  in  the  shortened  time  of 
changing  screens  and  the  greater  freedom  of  discharge.  Both  frames  have  to 
be  removed  at  the  clean  up. 

The  frames  may  be  inverted  to  even  the  wear  on  the  screen,  and  if  the  top 
bar  is  narrower  than  the  bottom,  the  additional  advantage  of  adjusting  the  height 
of  discharge  will  be  obtained. 


r  f rallies  h  used  in  which  the  bottom  bars  are  5,  3 J 
fil  rly. 

As  becii  tn  I'lgs*.  lllri-1146^  the  fniine  is  driven  ciirefully  down  in  the  two 
mi  groovei?  to  a  b^^^aring  by  a  niallet  and  ii  long,  vortical  key  wedge  is  driven  in 
B^grooTe  ai  each  end,  forcing  the  end  bars  of  the  frame  to  a  tight  bearing 
HF"-*  tlif.  planed  faces  of  the  mortar^  and  one  or  two  horizontal  keys  are  driven 
■  t  m  against  lugs,  doing  the  same  for  the  bottom  bar.     The  end  wedges 

B%i'  largh-  beads  for  case  of  removaL  Tlie  bottom  wedges  can  be  driven  out 
backward. 

Ai  ibf»  l\  "^^  (see  Figs,  llla-lllc)  and  Caledonia  milk,  Mill  67  and  Mill 

77,  a  spacx  hove  tbe  Bcreen  frame  for  the  removal  of  chips,  rope,  grass, 

t'U'^  This  h  einsed  with  a  board  which  ronios  to  the  frame,  or  a  eanvati  curiam 
l^ch  laps  inside.  At  Mill  73  in  four  batterice  a  little  door  is  made  in  the  end 
^■el  at  which  the  chips  collect*  In  the  eight  other  batteries  the  cJiips  are 
^ftovi^d  from  abow  the  screen.  These  chips  are  gathered  and  burned  from 
^K  to  time  and  the  gold  extracted  from  the  ashes.  This  furnace  is  5X8  feet 
BB  lia«  cement  floor,  15  inches  above  which  are  placed  the  grate  bars.  The 
top  of  the  arch  is  3  feet  above  the  grate  bars.     There  is  a  cliarging  hopper  at 

'.  irith  0  door.     The    ashes  arr^  screened  to  remove  nails  and  then  ground 

clean  up  barrel  with  10  pounds  of  mercury  for  six  hours.     By  burning 

llie  wocni  used  around  the  mill  they  save  from  G  ounces  to  2  pounds  of  amal- 

r-^r  month.     In  some  mills  old  screens  are  allowed  to  rust  to  pieces  under 

ion  of  the  weather  assisted  by  salt^  and  a  considerable  amount  of  gold 

ned. 

-.  A  Cakvas  SiiiELO  is  suspended  in  front  of  the  screen,  or  a  Splash 
iyjAUi*  of  wood  (&ee  Fig,  437)  is  used  to  stop  the  spatter  caused  by  the  stamping, 
tn  UiUb  56,  61,  62,  63,  71  and  76  splash  boards  are  used  and  all  except  Mill 
(3  hjivi*  amalgamated  copper  platei?  upon  them.  In  Mills  56,  61,  62  and  76  the 
Mards  are  14,  7.  12  and  8  inches  wide  respectively.  They  are  all  inclined 
Ipirard  and  outward  so  that  the  attendant  can  view  the  screen.  At  the  South 
7\une»  United  mill,  however,  it  is  inclined  downward  and  outward.  Canvas 
chieldf  are  Ui?ed  in  Mills  55,  57  and  67.  Mills  65,  73  and  74  have  a  combina- 
um  wooden  splash  board  and  canvas  shield,  A  board  i  inch  thiek,  12  inches 
rjde  and  extending  the  length  of  the  mortar,  is  suspended  vertically  from  the 

Et)  frame  by  two  hooks  and  eye-bolts  so  as  to  swing  freely.  To  the  lower 
of  the  board  is  tacked  a  strip  of  canvas  6  inches  wide,  which  confines  the 
I  to  the  apron. 


TABLE    102. — CHTTCK    BLOCKS. 


mu  Ho. 

Nuinber  Vsed. 

Helgbt  of  Cliuek  BlockB. 

S! 

1,  ia  aectiona. . , 

I  inch  difference. 
!  tnr-h  'tcclions. 
'          lies. 

Terence. 

ii>  ^  'Mv\  <i  inches. 

4  or  iVa  inclies.  1  of  2  inchet. 

3,  t:  and  1  Inch. 

H  inches,  downward. 

Of 

a.. , 

08 

07 

],  tDMetlOIU.,..    .. 

S 

8 , 

71 

OWilMl'". 

1,  la  5  iiecUona 

8, 

Sev«mL - 

f  T59»  CitccK   Block, — This  is  a  block  commonly  made  of  two  pieces  of 

tjf  thr  forms  shown  in  Figs.  111<t-114/>,     When  used  it  is  put  under  the 

frame  and  fjcrveg  to  raise  or  lower  the  height  of  discharge,  also  to  serve 

- — f  fur  llie  front  inside  amalgamated  plate.     It  is  generally  made  in 

r  thrw?  heights,  interchangeable.     None  are  used  in  Mills  27,  55, 
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5(1,  (;s  and  82.     They  arc  used  in  Mills  59,  62,  63,  64,  65,  67,  71,  72,  73,  74,  75 
and  83. 

The  different  heights  are  shown  in  Table  102.  The  high  wooden  cliuek  block 
of  Mill  67  and  the  Oldham  mill  (see  Figs.  113^  and  WM)  gives  a  spring  which, 
though  slight,  settles  the  amalgam  layer  in  the  sand  to  2  inches  below  the  sur- 
face of  the  sand,  while  an  iron  chuck  block  settles  it  to  only  1  inch  below  the 
surface.  This  mortar  has  a  sill  only  2  inches  above  the  bottom  of  the  mortar. 
The  same  thing  would  be  true  in  comparing  this  wooden  chuck  block  with  a 
solid  iron  front. 

The  Oldham  chuck  block  is  made  of  wood  faced  with  thin  eteel  plate,  anrl  a 
tight  joint  betA^-een  it  and  the  mortar  is  made  with  sheet  rubber  packing.  The 
chuck  block  of  Mill  62  is  faced  with  an  iron  plate. 

At  the  Gover  mill,  Amador  County,  Cal.,  a  curved  chuck  block  (see  Fig.  12*3), 
gave  more  rapid  discharge  of  the  pulp  than  a  straight  chuck  block  (see  Fig.  123). 

§  160.  Lip  Apron.— This 

is  a  cast-iron  extension  of 

COPPERPLATE  J^'"'"'*  ooPPER PLATE^'  thc     lip     wWch     TOEy    bc 

QHucK  BLOQic..^^^8CREfii       flaugcd,  faccd  and  bolted  to 

oHucK  "'■«''^;^^^^'-"e''  i^Hl'^'''        ^^^  mortar,  as  in  Fig.  1126, 

iiP0FM0RTAR^^^^55^        '""' °'' *'°"'r^"-i^^^^^  ^^  ^"^^  ^^  ^^^^  dipectlj  on 

the  mortar.     It  conveys  the 
pulp  from  the  screen  to  the 
amalgamated  plates  belov. 
PIG.  122.  FIG.  123.  The  ordinary  lip  is  about  6 

FIG.     122.— CUR\T.D    CHUCK    BLOCK.      FIG.     123.—  ^"^Il^^"''^'^,*:    ^^  ^^^'  ^^^^^ 

STRAIGHT  CHUCK  BLOCK.  i^'^'l^  the  lip  apron  msy  ex- 

tend  it  to  a  total  of  20 
inches  and  at  the  outer  end  it  may  be  supplied  with  a  distributing  box  the  full 
width  of  the  mortar,  with  holes  evenly  lined  and  spaced.  It  serves  for  dis- 
tributing pulp  evenly  to  the  plates  that  are  to  follow,  and  also  for  a  holder  for 
the  battery  cleanings  at  the  clean  up.  The  usual  practice  in  this  country  is  to 
dispense  with  the  wide  lip  apron  and  distributor. 

§  161.  Inside  Amalgamated  Plates. — These  are  generally  of  soft  annealed 
copper  plate  ^  inch  thick,  simply  coated  with  quicksilver,  sometimes  also  silver 
plated.  Amalgam  accumulates  so  rapidly  on  them,  however,  that  silver  platiug 
is  not  really  necessary.  They  are  used  to  catch  gold  in  the  battery,  utilizing 
the  impact  of  thc  gold  particles  derived  from  the  swash  of  the  stamp,  as  a  means 
of  obtaining  contact  of  the  gold  with  the  plate.  If  placed  too  near  the  stamp, 
the  amalgam  is  scoured  off.  Custom  favors  a  single  plate  in  the  front  of  the 
mortar  between  A  and  B,  Fig.  112&.  A  few  mills  use  front  and  back  plates, 
as  in  Fig.  1146.     One  mill,  Phoenix,  Arizona,  uses  back  plate  only.** 

The  objections  to  the  use  of  back  plates  are:  (1)  They  widen  the  mortar, 
and  diminish  thereby  the  speed  of  stamping;  (2)  they  cannot  be  adjusted  easily 
to  suit  the  height  of  the  die,  and  (3)  they  are  ordinarily  out  of  sight  in  the  dark, 
and  difficult  to  care  for  properly.  The  E.  P.  AlHs  Co.  partially  overcame  these 
objections  by  making  a  mortar  with  an  opening  in  the  recess,  for  removing  the 
back  plate  as  in  Fig.  114&. 

In  the  mills  visited  bv  the  author  no  inside  plates  are  used  in  Mills  27,  55, 
56,  58,  68,  82,  83,  84  and  87.  They  were  formerly  used  in  Mills  68,  82  and  83, 
but  were  condemned,  as  they  gave  extra  work  of  cleaning  up  with  no  extra  catch 
of  gold  to  compensate ;  in  fact  Mills  68  and  82  report  a  greater  extraction  when 
outside  plates  only  are  used.  Both  front  and  back  plates  are  nsed  in  Mills  70, 
77,  85  and  88.  In  Mill  77  they  are  of  plain  copper  f^-  inch  thick ;  the  front  i? 
6X54  inches  and  is  vertical ;  the  rear  is  12X64  inches  and  slopes  40**.     In  Mills 
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TO  AuA  85  they  hlope  50"^  (see  Fig.  llAb)  which  slope  was  the  result  of  experi- 
ment. Id  the  remainder  of  the  i^tamp  niills,  front  plates  only  are  used  on  the 
chuck  block.     The  details  of  some  of  these  are  given  in  Table  103. 

TABLE    103.*-IN8IDE    PLATES, 


urn  No. 

Len^of 
Plmto. 

Width  of 
PUte, 

ThlokDeea 

of  Plate. 

Plain  Copper  or 

ea 

78 
74 

Inches, 

48 

CO         , 

4a 

40 
48 
48 
48 
48 
48 

luofaos.     , 

e 
^     1 

Inchea, 

surer  plated. 

H 

Plain  copper. 
Plain  copper. 
Plain  copper. 

H 

it 

Plain  copper. 
Plain  copper. 

The  plates  are  curved  to  suit  the  chuck  block  in  Mills  61,  62^  64,  72  and  76, 
They  are  plane  surfaces  in  Mill  51*,  to  avoid  scouring.  They  slope  45*"  in  Mill 
57.*  In  Mill  67t  the  upper  1|  inches  of  t!ie  width  is  on  the  chuck  block,  and 
dopes  45**  upward  and  outward.  The  lower  |  inch  is  bent  at  right  angles  to 
form  a  ^0°  gutter  which  makes  an  efficient  catcher  of  amalgam.  Milb  73  and  74 
bare  the  upper  half  of  the  plate  skiing  45°^  while  the  lower  half  is  vertical. 
Below  the  lower  edge  of  the  plate  and  lapping  over  J  inch  on  the  pkte  is  a  |X2- 
inch  horizontal  iron  strip  bolted  to  the  chuck  block.  At  the  bend  in  the  copper, 
or  about  2  inchee  above  the  bottom  iron,  h  l>i^Ited  a  second  strip  ^xj  inch. 
Tbese  strips  protect  the  plate  from  scouring  and  increase  the  catch  of  amalgam. 
It  is  natural  that  the  currents  should  more  perfectly  follow  a  curved  surface 
than  a  sharply  bent  angle,  such  as  is  needed  with  a  fiat  plate.  The  back  plates 
are  generally  flat  and  are  placed  in  a  special  recess  under  the  feed  chute,  and 
^U]^eld  in  place  by  bolts  or  wedges  (see  Fig.  114i>). 

^^HL  For  further  details  on  amalgamation  and  the  care  of 

^^^H  l|l|||'l|i|'H     plates,   the   reader   is  referred   to   Chapter  XVII.   on 

^^^H  AMLii^    amalgamation. 

^^^r  *''■'        *        §  162.  Dies. — These    are    the    wearing    parts    upon 

^^^^^^  ^BM^  which  the  rock  is  crushed  by  the  falling  stamp.  They 
^^^HB  W  '  '  ^\  Uc  in  the  bottom  of  the  mortar  and  relieve  it  from  the 
^^^HbH       I  J      wirAt  due  to  crushing, 

^pmSK  %^^^P  l^it'^  are  made  cylindrical  with  axes  vertical  They 
^r  are  held  in  place  either  by  a  cylindrical  socket  in  the 

wrn  19J.  win  lOR  bottom  of  the  mortar,  by  Ings  cast  upon  the  dies  (see 
Fig.  124),  which,  when  turned  90^*  under  flanges  on 
the  sides  of  the  mortar,  lock  the  dies  in  place  (used 
more  particularly  in  dry  crushing),  or  most  commonly  of 
all,  by  having  square  flanges  or  font  plates  as  in  Fig.  125, 
casif  upon  the  bottom  of  cylinders  which  are  large 
igh  to  practically  fill  the  whole  space  of  the  bottom  of  the  mortar,  and, 
i  fterefore^  line  up  the  dies.  Hexagonal  dies  with  sand  packed  around  them,  are 
I  Mied  at  South  Clunes.'*  Dimensions  of  various  dies  are  given  in  Tables  104 
■i  107. 

^Bftll  77  tifles  cylindrical  dies  sitting  in  circular  sockets  with  tailings  packed 
^Kond  them.  All  the  other  mills  visited  use  the  square  base  with  corners  left 
fflff  for  ease  of  removing  the  dies  with  a  bar.     New  dies  are  3  to  7^  inches  high 


FIG-  124*     Fio.  125. 

Wm.  124. — DFE  WITH 
LUGS.  FIO.  125, — 
DIE  WITH  FOOT 
rtATE. 
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and  when  worn  are  i  to  4  inches  high.  The  dies  are  8  to  9^  inches  in  diameter. 
In  New  Zealand,  one  mill  is  given  at  10  inches,  in  Australia,  one  at  10^  inches. 
They  range  from  47  to  160  pounds  weight  when  new,  and  from  17  to  50  pouncb 
weight  when  worn  out.  The  materials  cost  from  2^  to  11  cents  per  pound,  and 
are  of  gray  to  mottled  ^''  iron  chilled,  of  white  iron  chilled,  unchilled  cast 
iron,  wrought  iron,  high  manganese  cast  iron,  cast  steel,  forged  steel,  chrome 
steel  and  manganese  steel.    Cast  iron  is  chilled  only  above  the  foot  plate. 

Further  details  will  be  given  in  §  165,  where  dioes  and  dies  are  discussed 
together. 

TABLE   104. — ^DETAILS  OF  DIBS. 


BfiUNo. 

Spaoe  between 

Space  between 

Dies  and  End 

of  Mortar. 

Foot  Plates. 

Crack  between 
Footplates. 

DIametflr 

Length. 

Width. 

Thickness. 

ofDis. 

27. 

Incbefl. 

r 

Inches. 
2 
1 
9 

Inches. 

Inches. 

Inches. 

Inches. 
0 

H 

Inchea 

55. 

68. 

67. 

10 

10 

IM 

9 

51 

9 

08 

«tolM 

0 

io« 

IH 

?* 

54 

78. 

0 

8 

77. 

t 
1 
1 

s 

8« 

8 

82. 

i 

84. 

99i 

10 

IH 

ft 

87. 

K 

Homestake.... 
North  StAT. . . . 

10 

lOK 

IH 

9 

Oldham. 

Caledonia 

1 

ill 

?* 

Lincoln 

<M 

§  163.  False  Bottoms  may  be  used  to  raise  the  dies  when  the  latter  are  partly 
worn  to  compensate  for  the  wear  and  to  lengthen  the  life  of  the  die,  and  also  to 
protect  the  mortar.    The  practice  of  the  mills  is  as  follows:  None  are  used  in 
Mills  27,  55,  56;  58,  59,  GO,  61,  62,  67,  68,  76,  77,  82,  87  and  88. 
Mills  65,  73  and  74  use  them  simply  to  protect  the  mortar  and  keep 
them  in  all  the  time.     At  Mill  74  a  false  bottom  consists  of  five  cast- 
iron  blocks.     Mill  59  formerly  used  old  dies  to  block  up  half  worn 
dies.     Mill  57  has  false  bottoms  of  cast  iron  2  inches  thick  in  two 
pieces  in  each  mortar.     They  are  put  in  when  the  die  has  worn  2 
inches  and  add  10  days  to  the  life  of  the  dies.     They  break  oftener 
FIG.  126.  ^YiSijy  individual  blocks.     Mill  64  uses  false  bottoms  made  up  of  three 
SHOE,     pieces,  each  16  inches  long,  12  inches  wide  and  3  inches  thick.     They 
are  still  good  after  six  years.     Mill  66  uses  false  bottoms  of  cast  steel 
2^  inches  thick.     Mill  84  uses  false  bottoms  consisting  of  one  piece  for  a  mortar. 
It  is  51  inches  long,  10|  inches  wide  and  3^  inches  thick.     It  lasts  12  months. 

At  South  Spring  Hill  mine,  Amador  County,  Cal.,  a  3-inch  steel  false  bottom 
is  used  all  in  one  piece.*^  At  the  Phoenix  mill,  bars  3  inches  square  are  used 
with  sand  packed  around  them.*^  At  South  Clunes,  Victoria,  sand  is  used  until 
the  layer  is  2  inches  thick.  Then  a  false  bottom  is  put  in  which  consists  of 
three  castings,  two  end  ones  for  two  dies  each,  and  a  middle  one  for  the  middle 
die.**  This  use  of  sand  is  common  in  Australia.  Hardman  points  out  that  it 
is  unusual  to  bed  dies  upon  tailings  in  America,  since,  in  that  case,  the  dies 
being  not  on  a  solid  foundation,  do  not  receive  a  solid  blow,  cannot  be  depended 
upon  to  remain  at  uniform  height,  and  their  bottoms  wear  fast  and  eventually 
become  rounded. 
The  Father  de  Smet  mill  condemned  false  bottoms,  because  they  cat  down 
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^    caixacitj  of  the  mill."    Since  the  effect  of  the  blow  of  a  stamp  is  largely 
_^(peiiaent  upon  the  solidity  of  the  die,  the  false  bottoms  probably  diminish  the 
"eapttcitT  of  the  stamps,  and  it  ie  questionable  whether  this  loss  is  not  greater 
than  the  gain  by  u&ing  them. 

Tii£  Stamps. —  (See  Fig.  IIO. ) — Each  consists  of  a  Mamp  stem  or  rod,  a 
Upfjet  by  which  it  is  lifted,  a  shoe  to  strike  the  blow,  and  a  boss  or  stamp  head 
to  connect  the  shoe  to  the  stem  and  to  give  added  weight. 

§  164,  The  Shoe  (see  Fig.  126),  as  now  universally  adopted,  consists  of  a 
^finder  or  butt,  surmoujited  by  a  truncated  cone  or  shank.     The  diameter  of 
butt  ia  generally  the  same  as  that  of  the  die,  and  ranges  from  8  to  9^  inches. 
_     Austmlia  they  reach  9J  inches.     The  author  notes  exceptions  to  the  above 
"■tfllenieDl^  given  in  Table  105.    Loring**  reports  that  at  Mills  65,  73  and  74, 


TABLE   105. — ^DIAMBTERS   OF  8H0E8  AND  DIBS. 
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U ., 

Hewtofi...  •..»*.  *.*..*..  .*......«.. 

WoDlirorai  Oold  Ftelds  Co. 

fiuooD  MUl,  Tbameo  District,  N.  Z. 
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offDIs. 


liicbes. 
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Author. 

Author, 

Author, 

R  T.  SDydrtfii*, 

F.  M.  Drake***. 

T.  A.  Biclcard", 


obtained  better  results  with  an  8^-ineh  shoe  and  an  8}-inch  die  than 
rith  shoe  and  die  both  8^  inches.  The  reason  is  that  there  is  always  more  or 
i  pUj  in  the  etarap  stem  guides  and,  consequently,  where  the  shoe  and  die 
are  of  the  eame  diameter,  the  shoe  may  overhang  the  die  and  the  whole  crushing 
ffvrfice  is  not  utilized  A  greater  difference  in  diameter,  however,  than  \  inch 
eaode  **ctipping*-  and  consequent  loss  of  efficiency. 
The  batt  of  the  shoe  ranges  from  5^  to  10  inches  high  when  new  and  from  J 
%  inches  high  when  worn  out.  The  weights  range  from  85  to  198  pounds 
Heir*  and  from  20  to  66  pounds  when  w^orn  out*  The  details  of  the  shanks  of 
?mhoit8  aboes  are  given  in  Table  106. 

TABLB    106.^ — SHOE   SHANES   AND   BUTTS. 
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di^  nnuiKmanie  steel  slioea  fn  this  miU  were  cast  with  n  ^U  Inch  hole  Si^  Incboi  de«p  In 
9  »  uiriug  of  About  S  pounds  of  tnetnl  or  25  ceotA  plus  tli«*  frehi^ht. 


[The  rounding  of  the  junction  between  the  shank  and  the  hutt  is  to  prevent 
Bn^  at   that  point  and  aUo  to  prevent  cnntoct  hflwoen  the  bull   and  the 
£^ime  nionufrictnrerB  cons-ider  the  n>unding  unnecessary  and  omit  it. 
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In  regard  to  the  taper  or  the  angle  of  the  shanks  the  more  acute  this  angle 
the  stronger  will  be  the  joint  between  the  boss  and  the  shoe,  but  the  greater  is 
the  tendency  to  split  the  boss  and  bottom  the  hole,  and  if  it  bottoms,  it  fails  to 
get  the  full  benefit  of  the  wooden  wedges. 

Shoes  are  made  of  chilled  cast  iron,  unchilled  cast  iron,  high  manganese  cast 
iron,  chrome  steel,  cast  steel,  Wilson's  pressed  steel,  fagot  iron,  manganese  steeL 
For  cast  steel,  that  with  0.5%  carbon  is  best.^'  If  of  chilled  cast  iron,  the  butt 
should  be  cast  in  heavy  chills,  the  shank  cast  in  sand.  This  gives  hardness  to 
the  butt  and  toughness  to  the  shanks.^* 

The  shoe  should  not  be  allowed  to  wear  so  thin  as  to  permit  undue  wear  on 
the  boss.    The  practice  is  shown  in  Table  107. 


TABLE   107. — STAMP  SHOBS   AND  DIBS. 

Abbreviattons.— B.  Clir.  8.=Be88emer  chrome  steel;  Ctfl.=cent8;  Q.  M.  Ch.  I.  sOraj  to  mottled  diflM 
iron;  H.  M.  C.  I.sHigh  niAiiKanese  cast  iron;  In. = inches;  Lh8.=  pounds;  VLC.l.  A  S-sMizedcast  iroo  and 
steel:  M.  F.  asHidvale  fonre  steel:  U.  H.  C.  I.=Unchilled  hard  cast  iron;  Wh.  Ch.  LsWhite  chilled  Inw; 
Wh.  C.  I.S White  cast  iron;  Wil.  P.  S.= Wilson  pressed  steeL 
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_btof  a  Bfaoe  does  not  Inelude  the  Bhanlc;  tli&tof  adlo  includes  the  foot  plate.    (6)  Plus  two 

k    C«>Plnn  ai8  4)entfrelifClit.    (d)  DeUrered.    (e)  Steel  we.^r!)  ^^4  t<:)  3  times  as  loof?  as  Iroii .    {f\ 

f  Suiehea.    (ot  A  laree  part  of  the  casdni^  now  used  are  furntsbed  bj  the  BrooktjrQ  Ctiroine  Bteel 

ua.    tt)  North  Star  (Abadit*).    U )  North  Star  (Rlckard).    <fc)  Providenoe.    (0  Caledonia,    (m) 

(i»)Tbamei(New  Zealand),    (o)  Fortuna  (▲uaUalla).   <p) CatherLoe  (Austrolta).    {q)  Pearl 

Table  lOS^  taken  from  Rlckard,**  ehows  the  wear  of  shoes  and  dies  in  differ- 
,  ditftricte,  as  affected  by  different  eonditions. 

TABLE   108* — STAMP   SHOES   ANU 
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§  165.  Life  op  Shoes  and  Dies. — These  parts  diminish  by  the  cutting  action 
of  hard  rock  and  by  the  breaking  of!  of  their  edges.  The  hardness  of  the  metal 
resists  the  first,  toughness  resists  the  second.  Uniformity  of  structure  is  desir- 
able for  resistance  to  either  loss.  It  follows  that  the  metal  must  be  hard,  tough 
and  of  uniform  structure. 

The  shoes  wear  faster  than  the  dies;  with  California  short  drop  1.2  to  1.8 
times  as  fast,  using  the  same  material  for  both;  with  Colorado  high  drop  2.5 
times  as  fast.  The  reason  of  tliis  probably  is  that  in  transmitting  the  force  of 
the  blow  from  the  shoe  to  the  die  through  the  rock,  energy  is  absorbed  in  frac- 
turing the  rock,  which  is  shattered  before  it  can  transmit  the  force,  and  to  a 
certain  extent  it  cushions  the  blow.  This  action  is  emphasized  by  the  fact  that 
the  die  is  usually  protected  with  a  layer  of  rock  slightly  thicker  than  that  for 
maximum  capacity,  in  order  to  prevent  the  dies  from  breaking.  The  life  of 
shoes  and  dies  is  increased  by  mechanical  feeders  and  by  preliminary  reduction 
with  rock  breakers,  as  is  shown  in  Table  108. 

The  shoes  and  dies  wear  to  uneven  surfaces,  but,  owing  to  the  revolution  of 
the  stamp,  the  unevenness  generally  has  a  certain  regularity  around  the  circle 
as  if  the  two  surfaces  were  turned  in  a  lathe.  Sometimes  the  shoe  wears  convex 
hemispherical  and  the  die  concave  to  fit  it,  but  perhaps  the  most  common  wear 
is  for  the  shoe  to  be  concave  in  the  center  and  convex  annular  around  the  edges, 
while  the  die  is  the  reverse  (see  Fig.  127).  At  the  Homestake  mill,  shoes  wear 
more  evenly  than  dies.*® 

Tables  107  and  108  show  the  results  obtained  in  different  mills 

□  on  various  materials  for  shoes  and  dies,  together  with  the  com- 
puted net  cost  and   net  wear  of  iron  per  ton   crushed,  whidi 

I J      form  the  proper  basis  of  comparison.     They  show  that  chilled 

p- — — n      iron  has  the  advantage  of  cheapness  of  first  cost,  and  if  a  foundry 

t'  Ip     is  near  by,  the  further  advantage  of  low  freight  charges  and  a 

FIG.  127. —  market  for  worn-out  parts.  It  has  shorter  life  than  the  steels. 
WORN  SHOE    The  various  steels,  of  which  forged  steel  is  perhaps  the  best,  add 

AND  DIE.      toughness  to  hardness  and  last  two  to  three  times  as  long  as  chilled 

iron,  and  therefore,  require  less  frequent  adjustment  of  drop.    In 

places  remote  from  a  foundry  where  chilled  iron  would  have  to  pay  freight,  steel 

has  a  great  advantage.     Steel  is  said  to  wear  to  less  even  surfaces  than  chilled 

iron.     Thus  Mill  69  reports  that  steel  dies  cup  badly. 

In  addition  to  the  data  given  in  the  tables,  Mill  73  reports  that  for  shoes 
weighing  160  pounds  white  iron  lasts  45  days,  while  chrome  steel  lasts  200  days. 
For  dies  weighing  100  pounds,  white  iron  lasts  60  days  while  chrome  steel  lasts 
90  days.  White  iron  costs  4^  cents  per  pound  and  chrome  steel  costs  8  cents 
per  pound.  The  white  iron  shoes  not  only  cost  more  per  ton,  but  they  neces- 
sitated a  much  more  frequent  setting  of  the  tappets.  Ferroaluminum  shoes 
were  tried  and  found  to  crack.  According  to  Loring*®  manganese  steel  shoes, 
which  are  now  used  in  Mill  73,  last  296  days.  They  are  10  inches  high,  8^ 
inches  in  diameter  and  weigh  177  pounds  each  when  new  and  28  pounds  when 
worn  out.  They  cost  about  8  cents  per  pound  plus  the  freight.  He  also  reports 
the  life  of  hard  iron  dies  as  120  days.  They  weigh  84  pounds  each  when  new 
and  41  pounds  when  worn  out.  They  cost  4^  cents  per  pound  delivered  and  the 
old  dies  sell  for  1^  cents  per  pound.  These  figures  given  by  Loring  are  with 
stamps  9^  inches  apart  center  to  center,  with  dies  \  inch  larger  than  the  shoes 
and  with  linings  in  the  mortar,  while  those  obtained  by  the  author  are  with 
stamps  10  inches  apart  center  to  center,  with  dies  of  the  same  diameter  as  the 
shoes  and  with  no  linings. 

Mill  67  reports  that  steel  shoes  cost  6  cents  per  pound  and  last  twice  as  long 
as  chilled  iron.     Manganese  steel  was  tried  for  dies  and  found  to  splinter.    Pitts- 
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caHi  eteel  ksta  longer  than  chrome  eteel  or  high  manganese  iroHj  btit  it 
roits  10  oents  per  pound,  while  the  iron  costs  Zi  cents  per  pound.  The  high 
numgiiiieee  iron  is  made  from  a  mixture  of  special  manganese  iron  and  foundry 
i|f»  and  is  very  tough  and  durable. 

Slill  77  reports  that  chilled  cast  iron  has  always  proved  itself  most  economical 

|>r  sboes^  dies  and  heads  for  the  slow  drop  stamps,  but  on  quick  drop  stamps 

"nicli  htvQ  been  recently  added,  manganese,  chrome,  and  the  Midvale  Co.'s  pro- 

iieel  huve  all  proved  better  than  chilled  cast  iron. 

Is  68  and  83  use  besides  chrome  eteel,  various  makes  of  forged  steel,  such 

er,  English,  Wilson,  etc.     Iron  dies  are  preferred  in  connection  with 

>• 

esade  of  managing  and  rapidity  of  crushing,  it  is  well  to  have  shoes  and 

out  together,  because  the  surfaces  are  then  always  mated.     The  more 

wear  of  the  shoe  may  be  counteracted  by  the  use  of  long  life,  hard  steel 

mated  with  thi)  chilled  iron  dies^  or  chilled  iron  shoes  nmted  with  east- 

!9,  etc.    An  approximate  balancing  of  the  lives  of  the  two  may  thus  be 

In  addition,  this  combination  of  hard  shoes  and  tough  dies,  is  said  to 

ve  flatter  surfaces  and,  therefore,  higher  capacity  of  the  stamp.     The  lives 

y  also  be  balanced  liy  varjing  their  vertical  dimensions. 

It  is  important  that  not  only  should  the  shoe  and  die  wear  out  together  as  a 

""   but  also  that  all  the  dies  should  be  nearly  if  not  quite,  the  same  height  in 

me  battery,  to  maintain  the  same  depth  of  rock  on  their  surfaces  and  the 

J  hi^iglit  of  discharge.     For  this  reaaon,  in  case  a  die  breaks  betweoD  clean 

a  partly  worn  die  of  the  same  height  a??  the  others  should  be  put  in  to 

c  its  place.     A  stock  of  partly  worn  dies  may  be  kept  on  hand  for  this  pur- 

In  cAse  there  are  no  old  ones  on  hund,  a  complete  set  of  new  dies  should 

put  in,     Th*^  same  procedure  is^  to  be  recommended  for  shoes,  although  it 

nat  80  important  as  with  dies.     The  practice  of  a  few  mills  is  as  follows: 

Mills  61,  62,  64,  67,  68,  82,  84  and  87  rephice  a  broken,  kilf-worn 
shoe  or  die  by  another  of  tlie  same  size  from  tlic  stock  of  partly  worn 
shoes  and  dies,  Mills  27,  (>5,  73  and  74  keep  thoir  dies  even  by  the 
above  method,  but  are  not  so  particular  about  their  shoes.  Mill  77 
puts  in  a  new  shoe  or  die.  It  may  be  further  remarked  in  regard 
to  Mill  67  that  shoes  never  broke  until  they  were  worn  down  to  2 
TTir^i  -  high  and  the  dies  never  broke  at  all.  In  Mills  61  and  67 
tterv  is  kept  at  work  wearing  out  old  shoes  and  dies. 
VV  here  mortars  are  cleaned  out  once  a  fortnight  the  shoes  and  dies 
are  not  apt  to  Im?  changed  between  clean  ups,  unless  there  is  a  break. 
At  the  clean  up,  if  a  set  of  shoes  and  dies  are  so  worn  that  they  will 
not  last  till  the  next  clean  up,  they  are  replaced  by  a  set  of  new  shoes 
and  dies.  Id  some  mills,  for  example,  GS,  77,  8^3  and  83,  the  mortars 
are  only  ck^aned  up  when  tlie  shoes  and  dies  are  worn  out 
g  166.  Tub  Boss  or  Stamp  Head  (see  Fig.  128)  is  cylindrical  of  the  diame- 
of  the  shoe  and  of  varying  lengths  (18  inches  is  common).  It  serves  to 
lect  the  stem  or  stamp  rod  with  the  shoes  and  also  to  bring  up  the  weight 
the  total  rallr*d  for.  It  has  a  socket  below  to  suit  the  shank  of  the  shoe,  and 
Tc,  for  the  taper  of  the  stem*  These  sockets  are  sometimes  connected  by  a 
HDflU  hole  through  the  center  of  the  boss.  There  are  two  horizontal  keyways, 
flfnemlly  at  right  angles,  into  which  wedges  may  be  driven  for  removing  the 
shoe  and  the  atem. 

The  Ikhu  is  made  of  a  tough  cast  iron,  or  lees  frequently  of  steeh     Sometimes 
a  WToDEht  imn  ring  is  shrunk  on  the  top  or  bottom,  or  both,  to  prevent  splitting, 
:  cut  away  to  receive  them  (>(.e  Fig.  T^!*)-     If  the  ringj^  are  ton 
11  source  of  weakness  rather  than  strength.     When  bottom  riiv^'a  ar^i 
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used,  they  should  be  set  i  to  ^  inch  up  from  the  bottom  of  the  boss,  to  guard 
them  in  case  a  shoe  comes  off,  and  prevent  them  from  being  loosened  by  the  bat- 
tering which  follows.  A  loosened  hoop  is  worse  than  none  at  all.  The  uae  of 
rings  is  now  going  out  of  practice  except  for  dry  crushing.  From  Table  109 
we  see  10  mills  out  of  13  use  no  rings,  two  mills  have  rings  on  top  only  and  one 
mill  has  rings  on  the  bottom  only. 

The  upper  socket  is  bored,  the  lower  is  left  rough.  The  joint  between  the 
boss  and  the  shoe  is  made  by  tying  on  a  set  of  staves  around  the  shank  of  the 
shoe  (see  Fig.  130).    These  are  f  to  |  inch  thick,  and  are  shaped  to  cover  the 


FIG.  129. — SECTION  OF  BOSS  WITH  RINGS.        FIG.  130. — STAVES  ON  SHOE  SHANK. 

slope  surface  of  the  shank.  They  are  made  of  sawed,  dry  pine,  which  swells 
much  with  water.  A  plan  for  saving  time  at  the  clean  up,  is  to  wrap  a  strip  of 
canvas  around  a  shoe  shank  and  tack  the  staves  to  this.  The  points  of  the  tacks 
striking  the  shoe  shank,  turn  up,  clinch  and  hold  canvas  and  staves  together. 
These  so-called  bracelets  or  collars,  are  readily  slipped  off  the  shank  of  the  shoe 
and  kept  in  stock.  In  dry  crushing,  staves  of  wrought  iron  are  often  used 
instead  of  wood.  Bosses  wear  around  the  bottom,  due  to  the  scour  of  the  sand 
and  water,  especially  when  the  shoe  is  nearly  worn  out.  The  sockets  may  also 
gradually  become  enlarged.  In  this  weakened  condition  the  boss  breaks  or 
splits.  The  final  break  may  be  hastened  by  an  accident,  such  as  a  shoe  falling 
off,  a  shoe  pounding  on  a  naked  die,  or  a  shoe  breaking  and  its  neck  being  driven 
up  into  the  head. 
Table  109  shows  the  details  of  the  bosses,  as  obtained  from  the  mills. 


TABLE  109. — DETAILS  OF 

BOSSES. 

Mni 

No. 

MatoiiaL 

Weight 

Diameter 

L«'ngth. 

Cost  (a) 

Life. 

Rtagfc 

27 

Cut  Iron 

Pounds. 
215 
250 
160 
290 
175 
200 
945 
200 
200  to  210 
240 
800 
240 
200 
180 
180 
280 
940 
200 
288 

Inches. 

Inches. 
18 
18 
14 

Dollars. 

Tears. 

Ontopoi4r. 
None;. 

65 

Clirome  steel 

20.00 
7.20 

6 

10 

15 

6 

Ow5 

66 

Cast  iron 

None. 

67 

Cast  iron 

None. 

68 

50 

11.00 

28.76 

14.50 

(6)Ironia00 

61 

Oast  steel 

62 

Cast  steel 

S^toSX 

28 
18 
18 
18 
12 
18 

None. 

64 

Iron  or  steel 

6 

On  top  only. 

Nowi. 

66 

Cast  iron 

67 
68 

High  manganese  iron. 

Cast  iron 

(«)8!^op 

7.50 
8.19 

nSS: 

78 

(/) 

75 

e.oo 

StolO 

(<0t 
ItolM 

76 

Cast  iron. 

8 
8 
8H 

22 

18 
19 

77 

Cast  iron 

11.20 
8.19 

10.00 
9.8i 

82 

Cast  Iron 

Nona 

83 

84 

Steel 

9 

18 

None 

87 

Cast  iron 

None! 

(a)  An  idea  of  the  value  of  worn  out  bones  may  be  gained  by  referenoe  to  TaUo  107  of 
Steel  costs  180.00.    (c)  Two  out  of  80  si)Ut  in  5  yean,    {d}  If  no  aooideDts  oooar.   W  7U  * 
//>Od  bottom  only.  ^  ^  ^  w  7a 


and  Dies,   (b) 
at  the  bottom. 
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Stm;::::::: 

KfTSuBOoL. 


Stem  HocktfUt. 


DepUi. 


Lftf^e     SoiaII 
ter. 


Tftper 


Incbtt). 


Sboo  Sockets. 


Depth. 


LArge 
Diame- 


Inches. 


SCDAll 

DlamA- 


Inobies. 


T*per 


Length  of 
Boss. 


iDches. 

18 

18 
n  to  18 

18 


Dlftmetor 

OfBOQi. 


Iticiieflu 
(a)  H  &t  top 


(a)  7^  Iflchea  at  bottcun. 

CoT^- "— T  Table  110  with  Tables  106  and  113  on  shoes  and  steme,  we  find 
that  1  has  identically  the  same  taper  and  is  of  the  game  diameter  as  its 

toctety  ui;:le  the  shoe  shank  varies  a  little  from  that  of  its  socket,  being  rough 
CBsL.  With  the  6t€m,  the  socket  has  a  little  extra  length  to  take  up  the  jam  of 
\tm  sleiEL  Witii  the  shoe^  the  socket  has  also  spare  width  to  take  up  the  jam  of 
the  staves* 

§  167,  Stamp  Stem. — (See  Fig.  131.) — This  is  made  solid  of  wrought  iron  or 
mild  steel.  It  is  turned  to  true  cylinder  or  it  is  cold  rolled  and  has  a  taper  at 
both  ends^  so  that  it  can  be  reversed.  Its  duty  is  to  connect  the  tappet  with 
Ibe  bo^A  and  trangnut  rectilinear  oscillating  motion  from  the  cam  to  the  shoe. 


TABLE    111. ^DETAILS    OF    STAMP    STEMS. 


Wre^glit  iroiL 

"  auMcred  vrrouxlit  serap. 


I  Inm... ...... ........ 

i  roliQd  troo  not  turoed. 


Leogtti, 


Ft.   In. 


0 

0 

0 

0 

0 

0 

0 

0 

0 

10 

0 

0 

0 

0 

0 

Ifl 

0 

Id 

0 

H 

0 

Diaiiieter 


^ 


At  EDd 

of 
Taper, 


Inchea 
Sit 


2\i 


Lengrth 

of 
Tupor. 


Inches 
5 


Amount 
of  Tapor 
Xjer  Foot . 


laches. 
o.ocr 


0.75 

0-75 


O.OO 


0.41 


0.58 
0,87 


Weight 


Found B 

aao 


Cost. 


Dollars. 


4.87 
15.50 
U,20 

UL66ix»18.00 


18.00 

a».«o 


S8.20 

*2i!g5* 


Life. 


Tears. 

Several 
10 

Several 


tfanj. 

'etoibd 


'•? 


'  <«)T»elwoutof  lObrakeDio  S  years.    (5>  New  ends  welded  on  every  3  years.    (c)£lgbtAeci   cNit  of  110 
";  per  jrcAT.    Id)  Tiinied  to  S^  fncb^e.    (e>  Indeanltolir. 

TABLE  112. — ^TAPEBS  OF  STAMP  STEMS. 
(From  Aiitliors  and  Maoufacturera.) 


DiAmeler 
of  Stem. 

DlAfiiettT 

f^nj^tb  of 
Taper. 

Toper 
per  Foot. 

Referanoe. 

IiieiMs. 

IneW. 

Inches. 

Inches. 
1.0 
0.9 
0.96 
0.75 
0.48 
0.40 

Loulai*  (uiualX 

Louis". 

Loui8»^ 

E.  P.  Allf*.  Ort, 

Fraser  &  Chalmers. 

Hardman>»*  at  OltUtatii  Mill 

1 

k 

5 

^ 

m 
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The  amount  of  taper  eommonly  used  varies  from  0.40  to  1  inch  per 
foot.  (See  Tables  111  and  112).  American  practice  seems  to  aver- 
age from  i  to  J  inch  per  foot,  while  the  English  practice  seems  to 
average  greater. 

A  stem  generally  breaks  just  above  the  head,  sometimes  just  below 
the  tappet,  the  points  of  greatest  strain.  In  the  former  case  it  can 
be  reversed  and  when  it  next  breaks,  it  can  have  new  pieces  welded 
on  the  ends  and  be  turned  down  anew,  or  be  turned  down  at  both 
ends  without  welding.  When  it  breaks  bv  the  tappet,  the  two  parts 
can  be  welded  together  and  then  turned  down.  The  break  is  caused 
by  repeated  bending  stress  in  different  directions.  Some  authorities 
call  this  crystallization  due  to  shocks,  others  say  it  is  not.'**  **•  At 
the  Owyhee  mill  this  breaking  was  partially  remedied  by  boring  out 
the  boss  and  enlarging  the  stem  at  the  end.  The  Fortuna  miU, 
Bendigo,  uses  this  same  schcme.^^ 

The  details  of  stamp  stems  from  the  mills  are  given  in  Table  111. 
The  figure  on  life,  unless  otherwise  specified  or  very  long,  is  to  the 
time  of  the  first  break.  Thus  at  Mill  64  the  stem  lasts  one  year  be- 
fore it  breaks,  if  the  ore  is  broken  reasonably  fine  by  the  rock  breaker. 
In  two  years  both  ends  have  broken  and  the  stem  has  lost  ten  inches 
of  its  length.  It  is  then  taken  to  the  blacksmith's  shop  and  heated 
to  nearly  a  welding  heat  and  a  new  taper  forged  on  both  ends.  This 
answers  as  well  as  turning  the  taper  in  a  lathe  and  at  the  same  time 
destroys  any  remains  of  the  so-called  crystallization.  This  process  is 
repeated  every  two  years.  Usually,  in  eight  years  the  stem  is  too 
short  and  the  part  running  in  the  guides  shows  some  wear,  so  that 
it  is  discarded,  although  when  the  wear  is  slight,  a  new  piece  is  some- 
times welded  on  the  ends  and  it  is  good  for  several  years  more. 

§  168.  The  Tappet  is  made  of  either  cast  iron  or  cast  steel,  bored 
to  fit  the  stem  loosely.  It  serves  to  transmit  the  lifting  power  of  the 
cam  to  the  stamp.  According  to  Louis,  good,  close-grained,  tough 
cast  iron  is  better  than  any  other  material,  but  the  tendency  in  this 
country  seems  to  be  toward  the  use  of  steel.  It  is  reversible,  having 
a  flange  above  and  below ;  the  lower  flange  receives  the  lifting  force 
from  the  cam.  The  gib  tappet  (see  Fig.  132),  invented  by  Zenas 
Wheeler,  is  attached  to  the  stem  A  by  a  wrought  iron  or  forged  steel 
gib  B  and  two  or  three  keys  K,  The  latter  number  should  l)e  used 
for  heavy  stamps.  There  is  a  rib  cast  upon  the  side  of  the  tappet  to 
give  the  requisite  backing  for  the  keys.  The  gib  is  flat  on  the  back, 
FIG.  131.  Qoncave  cylindrical  in  front  to  fit  the  stem,  and  is  set  fn  a  recess  in 
STAMP  ^YiQ  tappet.  The  keys  are  of  steel,  slightly  wedge-shaped,  and  force 
STEM.  n^g  ^-^  against  the  stem  sufficiently  to  lock  the  tappet  at  any  desired 
height.  Sharpless  recommends  that  the  middle  part  of  the  key 
be  made  of  mild  steel  which  gives  a  good  grip  while  the  two  ends 
be  made  of  high  carbon  steel  and  then  hardened  so  that  they  will 
not  buhr  over  when  they  are  driven  in  or  out.  The  inside  of  the 
gib  should  have  a  curve  of  slightly  less  radius  than  that  of  the 
stem,  to  give  a  strong  grip.^* 

The  ends  of  the  tappet  are  counter-bored  about  1  inch  wide  and 
1  inch  deep,  to  prevent  it  from  wearing  conical  and  giving  a 
lateral  thrust  to  the  stamp.  The  wearing  surface  is  from  2  to  3  Pio.  132.— 
inches  wide.  Details  of  tay)])ets  from  mills  are  given  in  Table  SECTION  OF 
113,  and  a  few  dimension?  in  Table  114.  TAPPET. 

•SeealaoHowe*i*'ll0UUurg7of8toel,*'p.l96L 


TABLE   113. — ^TAPPETS. 


i 

MAtertaL 

Weight  of 
Tappets, 

Nnmtwr  of 
Keys, 

Oo»t 

Lif«. 

Width  of 

Anuuiar 

Wearing 

Face, 

Weight  ol 
Btampa. 

fir 

riMi  Iron .,,,„,,,,,... 

Foond& 
108 
ISO 
80 
118 
100 
170 

3 

8 
8 
8 
8 
8 
8 

a 

8 

s 

Sands 
8 

a 

8 
8 
» 

1 

8 
8 
8 
8 

a 

9aud» 

Dollare. 

Yeart 

Inches. 
3 

Founds. 
1         600 

m 

&:=::::::::::::: 

18.00 

1 
Bereral. 

Over  9 
10  to  18 
Bereral. 

afio 

s 

8 
«>4 

Sso 

It 

860 

18.00 
11,00 

1,000 

* 

**80 

iBi= 

iOB 

1» 

13S 

18.00 

Over  5. 

¥ 

MOO 
800 

18.&0 

Good  after  «.  7, 8 

180 
1U5 

8to5 
Overs 
Many. 

seto 

&ir^r.!!!::i::: 

10.40 
11. GO 

f* 

868 
800 
8S0 

TW 

100 

600 

9R0 

PWMbiirs  >imL...... 

118 

no 

Very  long. 

618 

m 

8.48 
13.00 

8.75 
10.80^ 

9 
8 

OSQ 

Many. 

880 
900 

^ 

978 

650 

AGO 

TABLE   114. — DIMENSIONS   OP  TAPPETS. 


Stamp. 

Leogth 

End 

Diame- 
ter, 

Middle  1 
f>Laiueter 

Thickness  Flange 

Count^rbore. 

Inside 
Diameter 

Len|rth 
01b. 

Wm^Ootagmtf. 

New, 

Old.    1 

Diameter 

DepUj. 

k-nntaNr  Vm 

LbM. 
860 
8flO 
8C0 
SEO 
800 

Inches. 
1» 
13 
12 
10 
10 

lochtjs 
9 

9 
9A 

Inch<*». 
6 

6 

Inches. 

Inches. 

iDchea. 

Inches. 

Inches. 

Inches. 

tB  is     «.*.«***  . 

m  §1 ,, 

P^AJQIiiCo 

*"•**" 

4 

4 

AboutJi 

k' 

7 
7 

CTOW  tappets  meshing  with  threads  upon  the  etem  and  held  in  place  by  a 

[and  vertical  slote,  were  formerly  used,  but  have  pretty  much  disappeared 

tht*  United  States.     They  are  still  used  in  Australia.     At  Mill  77,  the 

der  gib  tappet  is  found  to  be  cheaper;  it  enables  cold  rolled  shafting  to  be 

stems,  which  cost  less  than  half  as  much  and  last  longer  than  the 

stems;  the  gib  tappets  are  much  quicker  shifted  and  easier  kept  tight; 

I  tappets  were  always  becoming  loose  and  rattling.     The  screw 

. fe  i»  not  reversible. 

''^      "fiTioNS  BETWEEN  WEIGHTS  OP  Parts  OF  A  Stamp. — In  regard 
1^  "f  the  partSp  it  would  seem  wise  to  concentrate  the  weight  at  the 

tQ  litat  the  pull  upon  the  tappc^t  may  be  as  direct  as  possible  and  conse- 
the  we^r  on  the  guiJci?  at  a  minimum.     This  weight  should  be  put  in 
'  rather  than  in  the  shoe  to  prevent  too  great  variation  in  weight  due  to 
fshoe?*     Added  weight  is  sometimes  olitained  by  putting  on  extra  tappets 
top  of  the  stems.    This  is  not  to  be  commended,  as  it  makes  the  stamps 
ivy.     The  place  for  the  weight  is  in  the  boss.    The  stem  must  be  thick 
^^     to  prevent  bending 
"Table  115  shows  the  proportions  of  stamps  in  mills  visited  and  in  two  Aus- 
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TABLE    115.- 

—PROPORTIONS  OF 

STAMPS. 

Mill  No, 

Total 

Weight 

of  8*  amp. 

rouodii. 

HhcM^, 

He^. 

sujm. 

Tappit. 

Dk 

.K,« 

* 

ofTotftl 

Weight 
Pounds 

of  Total 

Wdght 

lilToteJ 

Weight 
PtiiiiidB 

or^tal 

Weight 

Pounds 

ofTMal 

wr , 

eoo 

fiSO 
650 
850 
1,000  (?) 
900 
060 

l.ioo 

350 

goo 
e&o 

858 

eoo 

850 

eoo 

HIS 
7S0 
050 
030 
000 
07S 
T18 

ess 

180 
135 
155 

m 

180 
158 

IM 
ISO 
ITO 
140 
188 
ISO 
150 
160 
108 
ItlO 
SS 
13Q 
150 

m 

IPS 

Id 
la 

so 

18 

16 
14 

18 
» 
16 
15 
16 
18 
SO 
90 

ai 
la 
la 

IT 
18 
27 
3M 

835 
SSO 
160 
SSD 

aou 

MS 

SBO 

21 
»6 

WO 
3«0 
«88 
3fi3 
BOG 
SfiO 

500 

43 
4S 

44 
43 

4? 
4S 

108 
150 
00 

m 

100 

m 

106 
185 

14 

18 
13 
13 

11 
18 

m 
too 

10» 
110 
110 

111 

ISO 
100 
135 

Itl 

110 

1^ 
eo 

160    1 
118 
100 
47 

100 
100 
158 
|0» 

11 

10 
11 
11 

Gfi , 

Ba„,.,, 

67, ,..,„. 

6«.,_ 

m * 

18 

m 
11 
11 

81 , ,, 

aa. ,.„,„,,, 

flS., ..*... -,.,..,. 

fl4,„.., „, 

iOO-210, 

mo 

800 
840 

80 

as 

300 
340 
300 
3£& 
880 
300 
364 
3O0 
S6J 
4K 
360 
4^ 
385 

m 

ar 

'  40 
85 
41 
33 
«I 
44 
40 
40 
4(t 
40 
44 
41 
41 

m 

lao 

ISO 
105 

16 
IB 
15 
13 

3 

s 

If 

ee ,.,.., 

AT.*. it *.*!.....,» 

w.,,..*... 

Tl,,.„*.,., 

n..........* 

800 

ISO 
180 
£80 

mo 

£00 

£5 

a-4 

84 

43 
86 

^4 
SI 

as 

ISO 
118 

no 

40 

13S 
50 

eo 

18 
14 

IS 

a 

IS 
14 
14 
0 
7 

78  „,„,  .„, 

W...., 

n , , 

g:::::::::::::;:: 

84...,., 

FoitunA, 

L*dyBirklr 

§170.  Cam  Shaft.— (See  Fig.  133.)— It  is  generally  long  enough  fop  two 
batteries  with  the  overhang  for  one  pulley.  The  object  for  this  lies  in  the  fact 
that  a  break  in  any  battery  causes  a  stop  of  ten  stamps  at  most,  and  of  five 


FIG.    133.— <JAM  SHAFT  FOR  TEN   STAMPS. 

stamps  only  as  soon  as  the  stamps  of  the  disabled  battery  can  be  hung  up.  The 
batteries  are  usually  driven  by  pairs,  because  driving  single  batteries  multiplies 
expense  of  belts  and  pulleys  too  much. 

The  cam  shaft  is  of  wrought  iron  or  steel  turned  true,  having  a  continuous 
longitudinal  slot  or  key  seat  for  each  battery  a  little  longer  than  the  space  to 
be  occupied  by  the  cams.  The  cam  shaft  is  so  heavily  loaded  both  from  the 
weights  of  the  stamps  and  from  the  blows  which  the  cams  strike  upon  the  tappets, 
that  it  must  be  made  very  strong.  The  diameters  obtained  by  the  author  range 
from  4^  inches  for  light  stamps  to  6  inches  for  heavy  stamps.  The  life  of  mild 
steel  cam  shafts  at  the  Homestake  mill  is  5  years  for  diameters  from  4(  inches 
to  4|  inches,  and  10  years  for  diameters  of  5^  inches.***  At  Mills  65,  73  and  74 
a  spare  cam  shaft  with  cams  and  pulley  all  fitted  on  it^  is  kept  in  readiness  and 
when  a  break  occurs  it  is  rolled  into  position  in  3  hours  while  the  turning  and 
fitting  of  a  new  shaft  would  take  at  least  48  hours.  Details  of  cam  shaft  are 
given  in  Table  116. 

§  171.  Collars  and  Bearings. — Two  collars  (see  Figs.  90  and  916)  attached 
by  set  screws  are  used  to  guide  the  shafts  inside  the  end  bearings. 

Three  bearings  for  a  ten-cam  shaft,  are  used  (see  Fig.  90).  In  dry  crushing 
mills  these  are  generally  not  babbitted.  In  wet  crushing  mills  the  author  found 
only  three  out  of  thirteen  not  babbitted. 

At  Mill  67  boxes  of  soft  graphitic  iron  in  connection  with  a  mild  steel  cam 
shaft  were  found  to  give  the  best  results.  The  only  lubricant  required  is  an 
occasional  drop  of  light  machine  oil.  This  is  preferred  to  babbitted  boxes  be- 
cause: (1)  there  is  no  babbitt  to  crack  and  fall  into  the  mortar  and  make  slud^ 
of  the  amalgam;  (2)  the  alignment  of  the  shaft  is  more  constant,  the  wear  is 
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TABLE    116. — CAM   SHAFT 

AND   BEAHING8. 

!g! 

lUtoriftiofShiiit. 
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Clositl  by 

Cover  or 

Open. 

Weight  of 
Btasnp. 

tr 
m 
m 

m 

FL    In. 
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<a}  For  96  stamps.  ^ 

ore  even  and  there  is  eo  delay  from  b<ibbitting  boxes  every  4  to  6  months;  (3) 
el  miming  on  cast  iron  requires  much  less  lubrication  than  iron  on  babbitt, 

making  lest  oil  to  be  guarded  against  and  less  oil  for  the  mill. 
These  boxes  are  some  times  covered,  as  in  Fig.  134,  and  sometimes  the  cap 

is  omitted,  as  in  Fig.  135.     The  use  of  the  cap  would  seem  desirable  for  keeping 


•'m- 


Pio.  L14.  FIG.  135,  Fio.  136a.  FIG.  1366. 

134. — COVERED     BEARINO.      FIG.     135. — OPEN     BEARING.      FIO.     136^. — SIDE 
VIEW    OF    CAM.      FIO.    1366, — ^FRONT    \aEW. 

out  the  da«t.  Diagonal  boxes  are  sometimes  used,  but  they  hardly  seem  neces- 
ttiT  as  the  vertical  component  of  the  pregt?ure  is  probably  four  times  the  hori- 
lODtaU  even  where  a  horizimtal  driving  belt  i.s  used.  The  bearings  need  oil 
grooves  and  drip  pans  to  prevent  oil  from  getting  to  the  plates. 

For  details  of  bearings  as  found  in  the  mills,  ^^  Table  116. 

8172.  Cams.— (See  Figs.  136a  and  1366.)-'Thpse  serve  to  lift  and  rotate 
the  stamps.  They  consist  of  one  or  more  (generally  two)  arms  cast  on  hubs 
rhich  are  held  to  the  shaft  usually  by  keys.  The  lifting  surfaces  of  the  amis 
are  made  spiral  to  suit  the  conditions  of  lifting.  They  are  hacked  by  strengthen- 
ribfi.    The  double-armed  cam  ^ivt^s  Jess  journal  friction  ttian  t\v^  %\xi^^* 
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armed,  because  it  revolves  half  as  fast.  Sectional  cams  made  with  split  hubs 
bolted  together  can  be  changed  witliout  stripping  the  whole  shaft,  but  unless 
watched  they  are  liable  to  work  loose  and  are  therefore  not  favored.  The  details 
of  cams  as  found  in  the  mills  are  shown  in  Table  117. 

When  cast  iron  is  used  for  cams  a  close-grained,  strong  grade  of  metal  is 
chosen  and  the  bearing  or  lifting  surfaces  are  chilled.  The  author  finds  that 
out  of  17  mills,  9  use  steel  cams,  7  use  iron,  and  one  uses  both.  Open  hearth 
cast  steel  with  0.4%  carbon,  or  chrome  steel,  is  the  best  material  for  cams." 
On  account  of  their  superior  strength  they  need  not  be  made  as  heavy  as  cast  iroiL 

TABLE    117. — CAMS. 

Abbreviations.— c.= cents;  C.  I.  Ch.  F.=Cast  iron  with  chilled  face;  I.  or  Chr.  S.BsIrcm  or  chrome  stesl; 
Ib.=pouxid;  p.=per;  P.  S.=Pitt8burg  steel;  T.  C.  I.=Tough  cast  iron;  Tr.  U.=Trent  UniyeraaL 
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Without 

04 
60 
67 

68 

7? 

Chrome  steel 

T.  CI 
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None  broken  in  8 

8 

None  broken  in  5 

Indefinitely  long. 
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84 
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78 
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75 

p  s 
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84 
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C.I.  Ch.  F.(/) 
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I.  or  Chr.  8. . 
Tr.  U 

175 
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885 
150 
880 

Axle  grease..... 

77 
88 
88 

Eflanton.!!! 
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8.05 

"16.56' 
80.00 

(0) 
Indefinitely  long. 
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89 
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i« 

Axle  flTease. .  • . . 

87 

Cast  iron.... 

(0 

88 

Ordinary . . 

Cast  iron.... 

(a)  Graphite  gear  grease,  (b)  Mixture  of  graphite,  tar  and  tallow,  (c)  Albany  compound,  (d)  Graphite 
and  tallow.  Oil.  («)  Castor  oil  or  axle  grease.  (/  )In  the  quick  drop  stamps,  added  since  the  above  was  writ- 
ten, steel  cams  are  used,    {g)  Ten,  barring  accidents,    (h)  Fraser's  axle  grease.    (0  Hard  grease  or  soap. 

The  natural  life  of  these  steel  cams  is  indefinitely  long  unless  the  mill  is  very 
dusty,  when  they  gradually  wear  down.  They  generally  go  by  some  accident,  as 
a  stamp  dropping  on  the  cam.  They  generally  go  at  the  hub ;  sometimes  the  tip 
breaks  oflf.^'* 

A  ring  of  wrought  iron  is  sometimes  shrunk  upon  the  hub  to  receive  which, 
a  part  is  cut  away  (see  Figs.  136a  and  1366).  This  is  less  used  than  formerly, 
particularly  with  steel  cams. 

Cams  are  keyed  to  the  shaft  by  one  or  two  keys.  When  two  keys  are  used, 
they  are  120°  apart,  furnishing  three  lines  of  bearing,  while  one  key  gives  only 
two  lines  of  bearing.  The  former  gives  the  greater  stability,  but  the  latter  is 
almost  universally  used  in  this  country.  The  key  should  always  be  driven  toward 
the  stamp  stem.  Hardman  finds  that  by  using  a  key  6  inches  long,  \\  inches 
wide  and  ^  inch  thick,  with  a  taper  in  its  whole  length  of  slightly  less  than  \ 
inch,  the  cams  never  get  loose  and  it  answers  much  more  satisfactorily  than 
when  the  taper  is  greater  and  the  key  smaller. 

It  is  customary  to  have  one  long  key  seat  in  the  shaft  for  each  of  the  two 
batteries  (see  Fig.  133),  and  to  cut  key  seats  in  the  cams  so  as  to  give  equal  in- 
tervals of  time  between  the  drops.  It  follows  that  where  two-armed  cams  are 
used,  the  key  seats  will  be  advanced  36^  on  the  hubs  of  consecutive  cams  for  a 
five-stamp  battery,  or  18^  for  ten  stamps.  In  the  latter  case  the  even  numben 
will  he  in  one  battery  and  the  odd  in  the  other  (see  §  196). 


1173 


QRA  VITF  8TAMF& 


193 


'  A  template  for  laying  out  the  koy  ^ooves  in  cams  is  shown  in  Fig.  137.     It 
isUti:  of  two  iiiniilur  dii?L's  rigitlly  fastened  to  a  toniRx-ting  pin*  anrl  an  arm 
lieh  swings  freely  on  the  pin.     Thv  under  dij^c  O  i?^  drn|}ped  into  the  eani  hub; 
arm  is  swung  around  till  the  pin  ('  strikes  the  puint  of  tli<^  cam;  the  upper 
disc  B  is  then  turned  until  the  desired  number  of  the  cam  comes  opposite  the 
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FIO.    137, — CAM    TEMPLATE,      FIG.    138, — 
DRIFTING  PLUG. 


f    SECTION    'tr* 
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FIQ.   138. 
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fBarIc  A  on  the  arm;  th^  keyway  is  then  marked  out.  To  change  from  left 
band  to  right  hand  earns  it  is  only  nect'ssary  to  turn  the  apparatus  upside  down, 
"  After  the  key  way  has  been  marked  at  the  end,  a  drifting  plug  (gee  V\g,  138) 
m  be  used  for  marking  the  remainder  and  for  calipering  its  depth  so  that  it 
iriU  exactly  suit  the  key  when  the  groove  is  ermipleted. 

Cams  ore  removed  by  driving  out  the  keyi?  by  a  drifting  too!   (see  Fig.  139), 
The  blow  acts  in  a  direction  opposite  to  that  which  Bet  the  keys  in  place. 

173.  Br^NTOx    ANn    Other    Self-tightenixg    Cam8. — The    replacing   of 

oken  cams  of  the  ordinary  type  i.s  a  tedious  operation.     It  is  made  still  more 

bv  the  fact  that  the  key  groove  has  to  be  cut  in  the  new  cam  after  the  break 

fLs  t^ken  place,  as  it  is  not  usual  to  keep  ten  spare  cams  wit!i  the  grooves  cut  in 


.^ 


no,    139. — DRIFTING    TOOL,  FIG.    140. — BLAKTON  GAM  AND  CAM  SHAFT, 

the  ten  positions  to  meet  all  emergencies.  The  Blanton  cam  has  been  devised 
to  overcome  this  (i^ee  Fig.  140).  This  cam  is  nttaehed  to  tlie  shaft  by  a  taper 
bn^hing  or  wedge  with  very  acute  angle,  which  wraps  around  the  shaft  and  is 
held  in  position  by  two  pins.  The  action  of  the  wedge  is  such  that  when  the 
cam  does  its  work  of  lifting  it  slips  on  the  wedge^  becomiivg  t\^hleu^4  iVv^t^^, 
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The  cam  may  be  loosened  by  knocking  it  backward.  R.  T.  Bayliss,  of  Mamvillo, 
Mont.,  states  that  a  shaft  with  ton  cams  can  be  stripped  and  n»furni?hed  with 
new  cams  in  less  than  half  an  hour,  while  replacing  ten  cams  ordinarily  takes  a 
day. 

To  accomplish  the  symmetrical  arrangement  of  the  cams  around  the  shaft, 
the  pin  sockets  are  bored  36®  apart  for  the  single  battery  and  those  of  the  other 
batteiy  are  interspaced  between  them. 

For  these  cams,  therefore,  the  order  of  drop  is  settled  at  the  machine  shop  at 
the  time  of  manufacture.  To  have  the  order  of  drop  in  the  control  of  the  mill 
man,  extra  nin  sockets  would  be  needed.  These  extra  sockets  are  not  to  l)e  com- 
mended as  they  seriously  weaken  the  shaft  at  its  circumference  where  it  can  least 
afford  to  be  weakened. 

The  New  Blanton  cam  (see  Fig.  141)  replaces  the  single  spiral  wedge  by  ten 

taper  faces  planed  on  the  shaft  and  ten  corresponding  faces  planed  in  the  bore 

of  the  cam.^The  new  form  not  only  makes  the  replacing  of  a  broken  cam  a  speedy 

operation,  but  it  places  the  order  of  drop  in  the  control 

of  the  mill  man,  to  be  changed  at  any  time.     There  is  one 

point  in  rt»gard  to  the  Xew  Blanton  cam  that  will  be 

watched  with   interest,   namely,   since  great   accuracy  is 

needed  in  cutting  the  spiral  surfaces  both  on  the  shaft  and 

cam  bore,  any  irregularity  will  turn  up  in  the  form  of 

uneven  spacing  of  the  drops.     The  wear  of  cams  and  any 

PIG.  141.  difference  in  elasticity  of  the  m'^tal  used  for  cam  hubs  will 

NEW  BLANTON  CAM     tend  in  this  same  direction. 

AND    PART    OF         Patent  cams  similar  to  the  Blanton  in  principle  but 
SHAFT.  differing  in  details,  are  now  made  by  other  manufactur- 

ers, among  whom  are  the  E.  P.  Allis  Co.,  the  Chrome  Steel  Works,  the  F.  M. 
Davis  Iron  Works  Co. 

§  174.  Friction  and  Lubrication  of  Cams. — The  rotation  of  the  stamp 
which  is  accoin])li}?lied  by  the  friction  of  the  tappet  on  the  cam,  is  employed  to 
even  up  the  wear  on  the  shoe  and  die  by  causing  the  shoe  to  drop  in  a  different 
position  each  time.  With  rapid  stamps,  too  much  rotation  indicates  too  little 
lubrication.  This  rotation  is  greater  on  the  slow  dropping  stamps  than  on  the 
quick,  owing  to  the  inertia  of  rotation  of  the  stamps.  The  slow  dropping  stamp? 
have  longer  cams,  and  this  also  causes  more  rotation.  Although  the  stamps 
are  rotating  when  they  leave  the  cams,  the  speed  of  drop  is  so  great  that  they 
are  practically  dropping  vertically  on  the  ore  and  probably  no  grinding  action 
takes  place  even  with  the  slowest  dropping  stamps. 

The  lubricants  used  are  axle  grease  or  other  hard  compounds,  oil,  tallow, 
molasses  and  water,  molasses  and  flour,  molasses  without  admixture,  and  soft 
soap  with  graphite.  The  last  is  best.**  Axle  grease  is  made  from  the  grease 
skimmed  off  in  the  manufacture  of  glue  from  animal  matter.  Grease  is  to  he 
avoided,  or  applied  very  carefully,  when  amalgamated  plates  are  used,  because  it 
sickens  the  mercury. 

Mill  67  reports  that  in  starting  a  new  mill,  it  is  well  to  first  griijd  the  cams 
with  an  emery  wheel  with  face  parallel  to  the  cam  shaft,  then  the  use  of  axle 
grease  combined  with  graphite  gives  a  polish  and  finish  to  the  cam  and  the 
tappet,  if  continued  for  about  two  weeks.  After  that,  oil  from  drip  pans  of 
shafting  is  used,  and  there  is  not  the  slightest  trouble  if  the  oil  is  put  on  care- 
fully and  the  stiems,  tappets  and  cams  wiped  two  or  three  times  a  day  equally 
carefully. 

The  lubricant  is  usually  applied  periodically  by  cotton  waste  nailed  to  a  stick. 
A  strip  of  canvas  nailed  under  the  guides  and  extending  beyond  them  laterally, 
or  a  wooden  shield  fastened  to  the  battery  posts,  is  used  in  most  of  the  mills  to 
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tl>e  tnrlricaiit  from  grtting  into  tho  mortar  and  on  tbo  plates.  W\]\  07 
that  il  \16€8  a  canvas  shield  only  until  cams  and  tiipjn*!.?  am  fnrt'd.  Mill 
c>rts  that  no  shield  is  used,  as  the  cam  shaft  is  bdiind  the  stamps  and  the 
revolve  away  from  the  plates.  Mill  27  uses  no  mercury  whatever  and 
has  no  &1iield. 

5.  Lateral  Thbust,  Rigiit  ai^d  Left  Hand  Cams. — ^The  tendeney  of 
ipet  is  to  push  the  cam  away  from  the  etanip  during  the  act  of  being  lifted 
ig^.  142} *  This  is  greatpst  at  the  moment  of  k-aving  the  cam.  If  the 
in  one  battery  are  all  right  hand  cams,  while  those  on  the  other  are  all 
tnd,  then  the  one  set  of  thrusts  will  balance  the  other.     In  this  w^ay  the 
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10.    142. — LATEtUTi  THBUST, 
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LWFJ  HAND  CAM 
FIO.     144. 
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FIG.   145. — CAM  CURVE. 

I  the  collars  ig  brought  to  a  minimum.     This  thrust  h  greater  the 
centrieity  of  the  support.     For  this  reason  hubs  are  put  only  on 
fdr  of  the  cam.     The  etems  are  put  on  the  opposite  side  and  as  close  to  thfi^ 
m  ia  safe.     The  clearance  is  made  about  J  inch  by  Frat^er  &  Chalmers,  j" 
[by  Union  Iron  Works. 

[right  hand  cam  (see  Fig.  143)  is  one  which  is  to  the  right  of  the  stenij 
the  lop  of  it  is  moving  from  the  observer;  the  huh  n\m  is  to  the  right* 
canL^  A  lefthand  cam  (see  Fig.  144)  is  Just  the  opposite. 
i  Cfery  instance  except  two  in  the  mills  visitc^d,  the  cams  are  paired  off  right 
'pft.     Mill  5>fi  has  15  right  hand  and  5  left  hand  cams  on  each  shaft     Mill 
ifi  right  hand  and  10  left  hand  cams,  arranged  on  alternate  W\.1«t\^%. 
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§  176.  Desiox  of  Cams. — The  lifting  surfaces  arc  in  the  form  of  an  involute 
of  a  circle,  the  radius  of  which  is  equal  to  the  distance  between  the  stamp  stem 
and  the  cam  shaft  center  to  center.  Practically  this  curve  is  laid  out  by  unwind- 
ing a  string  with  a  marking  point  at  its  end,  from  a  circular  disc  of  wood  turned 
with  the  above  distance  as  its  radius  (see  Fig.  145).  The  length  of  string; 
as  BC,  unwound  from  any  given  point,  as  C,  represents  the  height  to  which  the 
stamp  will  be  lifted  by  the  corresponding  point  B  of  the  involute  surface,  pro- 
vided the  whole  of  the  surface  from  A  to  B  had  been  used  during  the  lift.  Thi 
radius  of  the  inscribing  circle  is  therefore  equal  to  the  radius  of  the  cam  shaft 
plus  that  of  the  stem  plus  a  small  amount  which  is  called  clearance,  which  pre- 
vents the  stem  from  rubbing  upon  the  cam  shaft.  Table  118  gives  the  values  of 
these  quantities  as  obtained  from  the  mills,  and  Table  119  gives  those  adopted 
by  manufacturers. 

TABLE  118.— 'INSCRIBING  CIRCLES  AND  CLEARANCE  USED  BY  MILLS. 
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TABLE  119. — ^INSCRIBING  CIRCLES  AND  CLEARANCE  ADOPTED  BT  MANUFACTUEERS. 


Manufacturer. 


Eraser  it  Chalmers  (5  stamp  battery). 
Eraser  A  Chalmers  (8  stamp  battery). . 

Gates  Iron  Works 

Joshua  Hendy  Machine  Works 
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Union  Iron  Works , 
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(a)  This  is  the  minimum  ever  used  by  this  company. 

It  is  essential  that  the  distance  between  the  centers  of  the  cam  shaft  and  the 
stamp  stem  should  exactly  equal  the  radius  of  the  inscribing  circle;  otherwise 
the  cam  will  not  strike  fair  against  the  face  of  the  tappet  and  there  will  be  in- 
creased jar,  noise  and  breakage.  Hardman  reports  that  a  Nova  Scotia  mill  had 
15  cams  break  in  a  week,  owing  to  the  distance  between  cam  shaft  and  stamp 
stem  being  J  inch  too  much.  Even  chrome  steel  cams  and  tappets  were  pul- 
verized by  being  out  of  center. 

In  practice  there  is  a  dividing  point  at  about  7-inch  drop  (see  §  197).  As  we 
go  above  this  point,  the  diameter  of  the  inscribing  circle  is  increased  to  suit  the 
height  and  speed  of  drop,  to  do  which,  as  thQ  drop  increases,  the  clearance  can  be 
increased  by  any  desired  amount.  Below  this  point  the  works  use  an  inai^SuDg 
circle  the  diameter  of  which  is  nearly  constant  for  all  the  lesser  drops ;  the  figures 
given  are  from  11^  to  9  inches.  From  Table  118  of  mills,  it  appears  that  they 
are  following  the  rule  quite  closely  in  regard  to  their  inscribing  circles,  with  the 
exception  of  Mill  55,  which  was  probably  designed  for  the  Colorado  high  drop 
and  slow  speed. 
In  designing  cams  it  is  common  to  give  them  a  little  larger  inscribing  circle 
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tfaerefnre  a  littlo  lotip:€r  curve  than  that  intended  to  be  used,  so  that  a  slight 
of  drop  can  be  had  if  desired,  while  on  the  other  hand,  a  decrease  of 
!rop  can  be  obtained  as  an  expedient  by  raising  the  tappet  and  thus  using  only 
a  put  of  the  cam  curve. 
On  the  last  2  to  4  inches  at  the  point  of  the  cam,  the  curve  becomes  sharper, 
parting  from  the  involute  and  approaching  the  arc  of  a  circle,  as  shown  in 
1g.  145,  thereby  much  lessening  the  pressure  of  the  cam  upon  the  tappet.  The 
is  cut  away  on  the  delivery  side  in  such  a  manner  that  the  tappet  will  leave 
!  earn  from  an  arc  of  contact  between  1  and  2  inches  in  length,  instead  of  from 
'  It  of  c*ontact  (A'  .see  Fig.  136^).  These  two  provision!?  are  planned  to  save 
tappet  and  the  cam  from  cutting  and  breaking  at  the  moment  of  parting 

face  of  the  cam  is  1|  to  3  inches  wide  and  is  much  thicker  near  the  hub 
ttian  at  the  point.  It  is  backed  by  a  web  about  IJ  inches  thick  which  gives  the 
quistte  support.  This  web  for  the  California  stamp  is  3  inches  wide  at  the 
lint  and  widens  to  9  inches  at  the  hub,***  Regarding  the  hub,  the  rule  of  the 
P.  AJlis  Co.  is  to  make  its  diameter  equal  to  the  diameter  of  tlie  inscribing 
Ic  and  it^  length  equal  to  half  the  distance  between  stems  center  to  center. 
^  Cbalmers"  standard  cam  has  a  hub  11  inclies  diameter  and  5i  inches 
Mill  56  has  a  hub  10  inches  diameter  and  5  inches  long,  which  figures 
approximately  follow  the  above  rule. 

The  reader  is  pefeired  to  the  most  thorough  discussion  of  the  whole  subject  of 
cam  cunres  in  Louis'  "Hand  Book  of  Gold  Milling."  See  also  §  197  under  height 
and!  number  of  drops. 

§  177.  Driving  Mechanism, — The  cam  shaft  is  driven  by  belt  and  pulley 
imc  Fig.  1>0),  or  by  reducing  gears  from  the  main  shaft  (see  Fig.  96).  The 
ff^tmer  is  the  more  usual  method,  reducing  gears  being  used  in  the  slow  speed 
ido  mills.  With  belts  the  usual  method  is  to  operate  two  batteries  of  ten 
with  one  cam  shaft.  This  is  driven  by  belt  from  the  main  shaft.  With 
ire,  however,  as  many  as  five  batteries  or  26  stamps,  are  mounted  on  one  cam 
ft  This  is  driven  by  a  reducing  gear  transmission  and  fhat  in  turn  by  a 
]U  Rubber  belts  are  preferred  as  they  are  not  injured  by  moisture. 
The  Ptn-LBY  for  belt  transmission  in  all  the  mills  visited,  is  built  up  of  wood 
upon  a  hub  and  flanges  of  cast  iron,  as  in  Fig  916.  This  is  to  avoid  cracking 
doc  to  Titration.  The  reader  is  referred  to  Louis'  thorough  discussion  of  this 
inbjict.    Detiuls  of  belts  and  pulleys  are  given  in  Table  120. 


TABLE  120. — BELTS  AND  PULLEYS. 
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iTuK  T^rATmK  '^ftttk  Matx  Sitaft. — Thi?  may  have  tbo  ftjllowin^  portions: 
I)  ill  frnnt  Bw\  on  the  level  of  the  cam  phaft  (?t'e  Figs,  105,  lOr;  and  1<»T) ;  {b) 
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behind  near  mortar  on  cross  sills  (see  Figs.  103^  104  and  108) ;  (c)  in  front  at  a 
distance  from  the  mortar  on  the  cross  sills  (see  Fig.  102) ;  (d)  behind  at  a  dis- 
tance from  the  mortar  on  the  cross  sills. 

The  distribution  in  the  mills  is  as  follows :  Mills  57,  68,  59,  61,  62,  66,  67, 
73,  74,  76  and  82,  have  the  main  shaft  forward  and  level  with  the  cam  shaft 
Mills  64,  71  and  72  have  it  forward  on  cross  sills  near  the  foot  of  the  plates. 
Mills  27,  66,  66,  68  and  84  have  it  behind  on  the  cross  sills.  Mill  66  belts  direct 
to  water  wheel.  Mill  76  belts  horizontally  backward  from  the  cam  shaft  to  the 
water  wheel.  Mill  77  has  it  30  feet  in  front  of  cam  shaft  and  4  feet  below  it  (see 
Fig.  146).    Mill  88  has  it  behind  on  cross  sills. 

Shafts  on  a  level  with  and  in  front  of  the  cam  shafts  shut  off  the  light  from 
the  plates  and  require  strong  frames,  but  the  shafts  are  well  placed  for  delivering 
power  and  for  good  attention.  Shafts  near  the  mortar  block  are  in  the  dark, 
exposed  to  dirt  and  inconvenient  to  tend,  and  they  require  tighteners  which  wear 
the  belts,  but  they  give  ample  light  for  the  amalgamated  plates.  Shafts  on  silk 
far  from  the  mortar  blocks  are  in  the  way  of  the  feeder  if  behind,  or  of  the  plates 
if  in  front.     They,  however,  avoid  the  tighteners. 

The  Tightener  (see  Figs.  90  and  91a)  is  a  pulley  mounted  upon  a  frame 


FIG.    146. — ^DRIVING    MECHANISM    AT    MILL    77. 

which  swings  on  a  hinge  or  slides  in  a  guide  in  such  manner  as  to  press  inward 
upon  the  belt  and  take  up  its  slack  when  it  is  desired  to  start  the  stamps. 

Clutches. — A  toggle  friction  clutch  attaching  the  driving  pulley  to  the  main 
shaft  is  sometimes  used.  It  enables  two  batteries  to  be  thrown  out  of  connection 
with  the  power  at  a  moment's  notice  without  stopping  the  mill.  Eissler  recom- 
mends a  beveled,  toothed  clutch  moved  by  a  fork  upon  the  cam  shaft,  for  con- 
necting the  pulley.  This  form  releases  the  connection  if  the  engine  is  timed 
backward  and  saves  the  cams  from  breaking.  Friction  clutches  are  used  in  Milb 
67  and  82.     At  Mill  74  friction  clutches  have  been  tried  and  discarded. 

Gearing. — Mill  77  (see  Fig.  146)  has  25  stamps  operated  by  one  cam  shaft, 
and  in  consequence,  uses  a  gear  on  the  cam  shaft  6  feet  diameter,  and  6  inches 
face,  revolving  14^  times  per  minute,  driven  by  a  pinion  gear  1  foot  in  diameter 
and  a  5-foot  pulley,  both  revolving  on  the  ^me  shaft  87  times  per  minute.  This 
pulley  receives  power  by  a  22-inch  bolt  from  the  main  shaft,  30  feet  in  front  of 
the  cam  shaft  and  4  feet  below  it.  Mill  88  also  uses  gears,  each  aet  driving  10 
stamps. 

§  178.  Water  Pipes.— Water  is  fed  into  the  battery  in  wet  stamping  to  flush 
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the  pulp  and  to  carry  it  over  the  plates  to  the  vanner.  Mills  27,  56^  62,  64, 
,  71r,  82  and  87  liave  one  feed  pipe  for  each  mortar,  while  Mills  55,  57,  61,  66, 
67,  71  and  8^  have  two  pipeg  for  each  mortar.  In  the  latter  case,  1-inch  pipes 
are  csommonly  used.  The  pipes  deliver  at  the  rear,  and  each  pipe  should  have  a 
eoek*  The  form  of  cock  has  been  a  matter  of  discussion  and  the  round  way  plug 
with  a  removable  wrench,  w^hich  will  remain  set  for  any  given  quantity,  is 
iibtedly  tlje  beat  form.  Fraser  &  Chalmers  prefer  to  add  a  dial  and  pointer 
\  cock,  so  that  if  shut  off  it  can  be  let  on  again  to  deliver  the  same  amount  o£^ 

The  common  water  faucet  or  valve  has  a  tendency  to  open  or  close  bj 
ar  of  the  mill.     Another  method  of  applying  water,  lately  used  with  success 
11  67,  is  to  feed  in  from  the  front  through  ^-incli  nipples,  pointing  upward, 
each  of  the  two  dies  ut  the  level  of  the  top  of  the  foot  plate,  as  shown 
1«47,     Th(-  vei7  low  sill  of  this  mortar  allows  this.     This  avoids  the  hard 
_  iddtig  of  sulphurets,  allows  the  settling  of  the  amalgam,  and  is  an  aid  to 
^  Ttptd  clean  up-     Downaward  pointing  jets  did  not  succeed  so  well. 

There  are  two  systems  of  piping  in  common  use.  ^lill  ^^  has  a  3-inch  main  at 
about  the  level  of  the  floor,  running  in  front  of  the  eight  batteries.  From  this 
ifi  led  a  S-inch  upright  between  each  pair  of  batteries,  branching  at  the  top  either 
'ray  hr  ^-inch  pipe.  Each  branch  has  2  one-inch  feed  pipes  with  valves  for  each 
for  the  individual  battery.  Between  each  pair  of  batteries  there  is  also  a 
pipe  with  hose  in  the  passageway  for  hosing  otf  the  plates.  Mill  57  has 
iter  main  running  just  below  the  lower  guide  timber  and  takes  the  2  one- 
jch  pipe:*  for  the  batteries  and  the  hose  pipes  directly  from  the  main.  Arrange- 
^nieot^  for  heating  water  will  be  taken  up  later  in  §  541. 

§  179.  Feedeks. — From  the  bins  the  ore  comes  by  chutes  to  the  automatic 
feeders  (see  Figs.  90  and  91^).  It  is  customary  to  feed  the  battery  by  the  fall  of 
00€  of  the  stamps*  The  tliickness  of  the  layer  of  ore  upon  the  die  determines 
the  lowest  pos^ition  the  stamp  can  take.  A\Tien  too  thin,  either  the  tappet  or 
collar  on  the  main  Ftamp  stem,  strikes  a  buiTer  w^hich  feeds  the  ore.  The  posi- 
tioti  of  this  buffer  can  be  graduated  by  a  hand  screws  In  regard  to  the  choice  of 
up  for  operating  the  feeder,  there  seems  to  be  no  special  rule.  Mills  55,  50, 
M,  ^'i,  64,  73  and  84  use  the  renter  stamp.  Mills  57,  65,  67,  68  and  82,  use  the 
up  next  to  the  end.  Mills  71  and  76  use  the  end  stamp,  Mil  27  uses  either 
enter  stamp  or  the  stamp  next  to  the  center. 
land  feeding  by  shovel  is  still  used  to  some  extent.  One  good  man  can  feed 
ti\  stamps  for  12  hours,**  although  one  man  to  15  stamps  is  more  common.  At 
Hill  77.  which  u?e8  the  Colorado  syii^tem  and  has  low  capacity,  one  man  feeds  25 
per  12-hour  shift.  Machine  feeding  is  cheaper  than  hand  feeding,  gives 
uniform  wear  of  dies  and  shoes  and  larger  capacity,  and  reduces  wear  of 
The  distribution  of  feeders  in  the  mills  is  as  follows:  Hendy  Challenge 
rr  used  by  Mills  27,  53,  54,  55,  S6,  57,  58,  59,  60,  61,  62,  63,  64;  65,  m,  68, 
n,  74,  75,  76,  82,  83  and  84 ;  Templeton  Roller  feeder  by  Mill  72 ;  Ham- 
'  Corrugatfxl  Cylinder  feeder  by  Mill  67;  hand  feeding  by  Mills  70,  77,  85, 
ad  S8.     The  Hendy  feeder  costs  the  most,  but  works  under  all  conditions. 

>ner  and  Tullock  feeders  are  both  unrelinble  with  clayey  ur  sticky  ore?.     For 

techpHon  of  these  feeders,  see  the  chapter  on  **Accessory  Apparatus,"  §  624. 

1 180.  Finger  Bars,  Cam  Sticks  and  Overhead  Crab. — Finger  bare  are  used 

for  han^jing  up  the  stamps  (see  Fig.  Ulfi).     They  are  props  which  are  pivoted 

0  jack  fthaft  resting  in  brackets  bolted  to  the  posts,  and  can  be  pwung  under 

jibe  tappets  to  support  them  on  the  sides  opposite  to  the  cams.    The  five  stand 

nnprri  *     ^;tft  which  must  be  pfron^  ennngrh  to  hold  up  five  stamps  together. 

[iTlr  \\xp  3  fnrhe*?  in  dial  meter  and  lonof  enough  to  reach  between  the 

»tf,     T\»*    TMfi  iro  shod  <>fi  \hv  t^nd  (o  provent  wear  and  are  })rovided 
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cam  stick  upon  the  cam,  and  at  the  instant  the  stamp  reaches  the  top  of  this  lift 
the  finger  bar  is  swung  under  and  so  supports  the  stamp  at  a  point  higher  than 
that  reached  by  the  cauL 

The  cam  stick  is  either  a  square  stick  of  wood^  greased  on  the  under  side  and 
shod  on  the  top  side  with  rubber  or  leather  to  prevent  slipping  on  the  tappet,  or 
it  is  sometimes  made  of  strips  of  belting  riveted  together.  In  Mill  73  the  handle 
has  a  flexible  connection  with  the  stick  by  means  of  a  piece  of  rubber  hoae,  as 
shown  in  Fig.  148.     This  prevents  any  jar  from  coming  to  the  hand. 

An  overhead  track  with  a  truck  and  a  hook,  supports  a  differential  hoist  which, 
attached  to  a  grip,  furnishes  means  to  hoist  any  stamp  along  the  line.  Two  com- 
mon forms  of  this  grip  are  shown  in  Figs.  149  and  150, 

§  181.  Setting  I^p  a  Stamp. — The  order  of  proceeding  as  described  by  Louis 
is  as  follows:  Put  the  dies  in  place;  lay  a  3-inch  plank  on  the  dies;  set  the  heads 
on  the  plank;  lower  the  stems  into  the  heads  without  packing  if  of  a  good  fit, 


FIG.    147. — JETS    FOR   MOKTAB. 


FIG.    149. — GRIP   USED      PIG.    150.— GRIP  USED 


AT    MILL    84. 


AT  MILL  74. 


or,  if  the  socket  is  worn,  wrap  a  piece  of  canvas  or  sheet  iron  around  the  stem. 
Tap  the  stem  on  top  with  a  hammer  (guarding  it  with  a  board),  to  set  the  stem 
in  the  head.  Drop  the  stamp  a  few  times  at  a  very  low  drop  with  the  cam. 
Hoist  the  stamp  and  place  the  shoe  with  the  staves  in  position  and  again  drop 
several  times  on  the  plank  to  drive  the  shoe  home.  The  staves  expand  when  wet 
and  hold  the  shoe  firmly.  Take  out  the  plank  and  put  in  a  block  equal  to  the 
height  of  the  drop ;  slip  tappet  on  stem,  rotating  the  cam  until  the  tappet  rests 
upon  the  point  of  the  cam;  drive  the  tappet  keys  home  and  drop  the  stamp 
f]:ently  a  few  times  upon  a  board  until  every  part  is  forced  into  place.  The 
tappets  will  have  to  be  set  again  very  soon. 

§  182.  Maintaining  Height  of  Drop. — As  the  shoe  and  die  wear,  the  height 
of  drop  increases,  but  is  restored  to  its  normal  by  resetting  the  tappets.  The 
practice  in  the  mills  is  shown  in  Table  121. 

At  Mill  66,  the  resetting  of  tappets  is  done  as  follows:  Suppose  the  finger 
bars  hold  the  tappets  1  inch  above  the  reach  of  the  cams,  then  blocks  1  iButh 
higher  than  the  desired  drop  are  set  on  the  dies,  the  stamps  are  let  down  on  these 
blocks,  the  tappets  are  let  down  to  the  finger  bars,  and  the  keys  driven  tight. 
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When  nccesiary. 
On  dally  Inspeeti'^n. 
When  nt'cesanry. 
Od  daily  iuiipeotion^ 
On  daily  inspectiOEi* 
When  neceesMT. 
Wiwkly. 
FortnUrhtly. 
When  neoesMjy. 
When  Deoeaiary. 
16  days. 
Od  daily  inspection. 


A  bar  may  be  used  for  lifting  the  stamps  when  necessary.     Mill  67  uses  the  same 
method  but  the  block  is  2  inches  higher  than  the  drop. 

At  Mill  73  the  preceding  mothod  is  enifilnypd  at  the  time  of  putting  in  new 

shoes,  but  the  periodic  shifting  of  tappets  to  allow  for  wear  of  shoes  and  dies, 

is  usually  done  without  hanging  np  more  tJmn  one  stem  at  a  time,  except  that 

when  a  feed  stem  is  adjusted,  all  the  others  nmst,  of  course,  be  hung  up.     When 

the  battery  man  is  ready  to  set  tappets,  be  allows  the  battery  to  *'pound  out/* 

I  BO  that  the  stamps  hit  the  dies.     He  then  measures  the  drop  with  a  stick  and 

notes  it  mentally.     Next  he  hangs  up  the  stamp  and  loo^^ens  the  keys,  so  that 

the  tappet  can  be  moved  the  desired  amount  by  striking  it  from  below.     The 

keys  are  then  tightened  and  he  goes  on  to  the  next  stamp. 

§  183.  Putting  on  New  Shoes, — At  Mill  73,  new  ghoes  are  put  on  the  stamps 

1^  follows:  Hang  up  the  stamps,  remove  screen  and  ehuek  block,  pliovel  out  the 

Ipld  into  a  box,  drive  out  the  old  i^hoes,  hoist  the  stems,  put  blocks  under  the 

f%$6eB,  setting  tappets  at  the  same  time,  tighten  the  tappets,  lift  the  stems  to 

I  take  oat  the  blocks  from  below,  put  new  !?bnes  with  staves  on  them  in  place  under 

the  boi^^see,  drop  stems  until  shoes  are  driven  in.  return  the  sand  to  the  battery 

and  close  it  up.     The  old  shoes  are  scraped  for  adhering  amalgam,  which  often 

lodges  in  cavities, 

§  184.  The  Clean  Up  consists  in  cleaning  out  the  mortar,  saving  the  amal- 
gam, replacing  worn  parts,  and  putting  in  false  bottoms,  if  used.     The  time 
of  cleaning  up  is  apt  to  be  determined  by  the  amount  of  amalgam  which  Cfil- 
,  lecti;  in  the  battery,  or  where  inside  amalgamatinn  is  not  pryctieod,  hy  the  life 
t  of  the  shoes  and  dies.     The  practice  in  the  mills  is  shown  in  Table  122.     A  few 
f  examples  will  be  given  to  show  the  variations  in  procedure.     The  first  will  be 
I  f^^fmk  in  full,  but  of  the  others  only  the  points  will  be  given  in  which  they  differ 
from  tiie  first. 

At  the  Golden  Star  Stamp  mill  the  clean  up  comes  at  the  first  and  middle 
the  month.  The  former  is  carried  on  as  follows;*^  At  quarter  of  seven  in 
morning  feeding  is  stopped.  The  stamps  are  made  to  drop  slowly  so  thnt 
eeyen  o'clock  there  is  no  more  ore  in  the  mortar  above  the  screen  frame.  The 
i>plaah  boards  are  removed;  the  stamps  are  hung  up.  the  water  is  shut  off,  and 
the  engine  is  stopped.  The  mortars  on  one  side  nl  the  mill  are  then  opened  by 
remoying  the  canvas  shield.^,  screen?  and  chuck  block-^.  The  canvas  shields  and 
Bcreene  are  first  roughly  washed  by  playing  a  hose  over  them.  They  are  put 
■aide  to  be  more  carefully  cleaned  later  on.  The  six  chuck  blocks  from  the 
battened  facing  that  side  of  the  mill  which  is  being  cleaned  np,  are  placed  on 
two  apron  plates,  at  each  of  which  are  four  men  to  remove  the  amalgam.  undiT 
the  siijKTvision  of  the  head  amalgamator*     This  is  done  by  scTap\wg  i\\^  \vch\A^ 
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TABLE  122. — DETAILS  OF  CLSAN  UP. 


MUl 
No. 


How  Often. 


Tools  Used. 


Producti. 


68 
64 

66 
78 
74 

66 

67 

68? 

70 
72 

75 
70 
77 
88 


Weekly. . 
MontMy. 


Weekly 

Semi-monthly.. 
Semi-monthly.. 
Semi-monthly.. 


Monthly  . 
Monthly  . 
Monthly  . 


Hand  pans 

Clean  up  barrel:  mechanical  batea: 

settling  tank;  clean  up  pan. 
Clean  up  barrel;  hand  pans 


»■  Semi-monthly.. 


Semi-monthly 

When  a  lot  of  ore  is 
finished 


Small gprinding  pan;  hand  pans:  amal 
gamated  plates;  settling  tanks. 

Clean  up  barrel;  sluices 

Clean  up  barrel;  clean  up  pan 

Clean  up  barrel;  hand  p«uis;  batea; 
settling  tanks. 

Clean  up  barrel;  hand  pans;  set- 
tling  tanks. 

Rocker;  clean  up  pan 


Hand  pans.. 


Scrap  iron,  to  waste;  coarse  ore,  returned. 
Scrap  iron,  to  waste;    ooane  ore,  ratumed; 

amalgam. 
Scrap  iron,  to  waste;  coarse  ore,  retained;  black 

sand,  panned  for  gold. 
Scrap  iron,  to  waste;  coarse  ore,  returned;  IIib 

pulp,  to  chlorination  worlcs;  amalgam. 
Scrap  iron,  to  waste;  heavy  land,  to  soMitv; 

amalgam. 
Coarse  ore,  returned;  coarse  pulp,  to  pan;  Am 

pulp,  to  chlorination  works;  amalgam. 


When  dies  wear  out. 

Semi-monthly 

Monthly 


Screens  and  clean  up  pan. 


Amalgam;  sulphides;  slimes. 

Qold  amalgam;  solphkles,  and  waste. 

Scrap  iron,  to  waste;  coarse  ore,  returned:  ooam 

pulp,  for  next  barrel;  fine  pulp,  forehkriBS^ 

iDg  run;  amalgam. 
Scrap  iron,  decomposed;  coarse  ore,  retomid; 

amalgam. 
Scrap  iron,  to  waste;  coarse  ore  and  sand,  i» 

turned;  amalgam. 

Scrap  iron,  to  waste;  black  sand,  to  markot 


Monthly 

Monthly 

When  dies  wear  out. 
When   necessary    to 

put  io  new  shoes 

and  dies. 

Monthly 

Semi-monthly.... 
Monthly 


Clean  up  barrel;  mechanical  batea; 

liand  pans;  amalgamated  plates. 

Clean  up  barrel 


Scrap  iron,  to  waste; 

amalgam. 
S  .nd,  returned;  amalgam. 


coarse   ore,  retuMd; 


None. . 


.\11  returned. 


Scrap  iron,  to  waste;  sand,  returned. 


plates  with  a  chisel.  The  hard  amalgam  drops  off  on  the  apron  plate  beneatk 
As  much  amalgam  is  removed  as  is  possible  without  exposing  the  copper.  Then 
quicksilver  is  sprinkled  on  the  plate  to  dilute  somewhat  the  remaining  adhering 
hard  amalgam.  This  is  then  spread  evenly  over  the  plate  and  brightened  Ij 
scouring  with  a  whisk  broom  and  tailings,  and  finally  smoothed  with  a  soft 
paint  brush.  The  amalgam  that  has  dropped  on  the  apron  plate  is  coUecteJ 
at  the  head  and  put  under  lock  and  key  by  the  head  amalgamator.  In  this 
same  manner  the  chuck  blocks  of  the  entire  mill  are  scraped  and  cleaned  id 
four  sets  of  six  each.  In  the  mean  time,  another  set  of  men  scrape  and  wash 
the  rim  and  flanges  of  the  mortar  and  collect  the  amalgam.  They  also  remove 
the  amalgam  from  the  outside  plates  which  has  settled  during  the  past  24  honn. 
This  is  then  also  taken  in  charge  by  the  head  amalgamator.  The  dressing  of 
the  outside  plates  docs  not  take  place  as  yet.  In  order  to  keep  them  soft,  a 
little  quicksilver  is  sprinkled  over  them  and  evenly  distributed  with  the  bnuL 
A  third  set  of  men  begin  with  the  work  on  the  mortar  as  soon  as  the  amakun 
from  the  apron  plate  has  been  removed.  Two  small  platforms  are  placed  at 
its  head  on  the  wooden  frame  for  the  men  to  stand  on.  They  then  remove  the 
water  still  remaining  in  the  mortar  and  shovel  out  the  sands  above  the  dies  into 
a  heap  on  the  apron  plate  (as  these  sands  consist  simply  of  coarse  ore  and  do  not 
contain  any  amalgam,  they  arc  returned  to  the  battery  after  the  dies  have  been 
put  again  in  place).  Before  the  die  can  be  taken  out,  the  stamp  has  to  be  rawed 
higher  by  an  iron  bar  which  has  its  fulcrum  on  a  cross  piece  resting  on  the 
supports  for  the  splash  board.  To  keep  it  up,  a  4-inch  block  is  plac^  on  the 
finger  bar.  The  dies  are  pried  up  with  «n  iron  bar,  lifted  out  and  roo^y 
cleaned.  Those  which  are  to  be  exchanged  are  taken  away  and  piled  up  to  te 
carefully  scraped  and  washed  in  due  time.  Those  that  are  still  good  are  n- 
turned  to  the  mortar  without  further  cleaning.    After  the  dies  have  been  talon 
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[lalniDg  sand;  which  is  rich  in  amalgam  and  contains  pieces  of  iron 
^cumulated  in  the  mortar,  is  shoveled  out  aud  piled  up  in  a  con- 
to  be  treated  separately  in  the  rocker  and  the  pan.  Any  particles 
\m  that  have  adhered  to  the  rough  sides  of  the  mortar  are  removed  and 
Ae  sands.  The  dies  are  now  put  in  place  again.  If  new  shoes  are 
Wkjsj  are  put  on  as  previously  described  in  §  183.  Then  the  recesses 
Bdk  block,  screen  frame,  etc.,  are  cleaned  by  directing  a  hose  upon 
■these  are  put  in  place,  the  screens  having  first  been  clf^aned  in  a 
ox  with  brush  and  water.  When  the  chuek  block  is  in  place  the  sands 
fed  are  shoveled  in  to  fill  the  bottom  of  the  mortar,  up  to  the  top  of 
Tappets  are  set  as  previously  described.  Wlien  the  engine  has  been 
the  stamps  that  have  new  shoes  are  first  allowed  to  drop  several  times 
boe  is  firmly  fastened  to  the  head.  The  splash  boards  are  put  back 
>re  is  fed  into  the  mortar,  the  water  is  turned  on  and  the  stamps  of 
after  another  are  let  down  from  the  finger  bars.  Special  care  has 
by  the  feeders  to  regulate  the  ore  supply,  as  the  mortars  are  empty 
|es  when  the  mill  starts  up.  The  total  time  required  to  clean  up  this 
lill  is  seven  hours,  employing  both  the  night  and  day  shift.  After 
is  over,  the  bottom  sands  are  treated  in  a  rocker.  Any  coarse  pieces 
picked  up  and  collected  in  a  separate  heap.  When  the  sands  lunv 
'  for  a  little  while  and  the  hose  has  been  played  on  them,  iho  residue 
er  is  broken  up  as  fine  as  possible  with  a  wooden  mallet.  The  prod- 
*  by  rocking  are:  (1)  The  coarse  particles  remaining  finally  in  the 
fare  washed  in  a  coarse  screen  over  the  clean  up  pan  and  any 
¥iinain)ng  on  the  screen  is  picked  out  and  thro^vn  into  the  pan,  while 
le  goes  back  to  the  batter}'*  (2)  The  heavy  sands  that  collect  on  the 
riffle,  which  are  taken  up  in  a  bucket  to  be  worked  in  the  pan.  { 3 ) 
Bettling  in  the  sluice  which  conducts  the  slimes  to  the  waste  flume, 
[shoveled  out  and  returned  to  the  battery.  All  amalgam  goes  to 
and  is  treated  in  the  same  way  as  described  under  Mill  66  (§  217). 
of  iron  that  are  picked  out  from  the  aands  in  the  bottom  of  the 
first  scraped  to  remove  any  amalgam  adliering  to  them :  they  are 
out  upon  a  heap  in  the  yard  and  left  there  to  be  corroded  by  atmos- 
.  The  rusting  is  hastened  by  adding  salt  to  the  heap  at  various 
a  year  the  iron  that  has  entirely  fallen  to  pieces  is  charged  with 
[into  the  pan  and  its  gold  extracted.  At  the  middle  of  the  month 
is  much  simpler,  as  only  the  chuck  blocks  arc  taken  out  and  the 
ft  intact,  except,  of  course,  when  any  break  has  occurred  in  shoe  or 

tS  only  one  battery  is  cleaned  at  a  time.    The  water  remaining  in 
iifl  siphoned  and  bailed  out  into  two  rectangular  pans,  15X14  inches 
deep  on  one  side  and  2  inches  on  the  other.     The  low  side  is  slipped 
holes  at  the  edge  of  the  mortar  apron  and  as  the  bottom  rests  on 
Hakes  the  top  of  the  sides  all  on  the  same  level.     The  screen  and  the 
and  amalgamated  jdnte  are  sent  to  clean  up  room.     The  outside 
mortar  lip  is  scraped  for  amalgam.     The  top  gravel  is  put  into  a 
18X12  inches.     The  shoes  are  scraped  off  into  a  gold  hand  pan;  the 
p]  is  put  into  buckets  and  goes  to  the  clean  up  barrel  (§  228).     The 
7^  and  the  splash  board  are  scraped  and  the  scrapings  are  put  int^ 
ro  reetangular  pans.     These  two  pans  go  to  the  clean  up  barrel,     A 
ad  is  put  in  the  mortar  before  the  dies  are  put  in^  and  then  the 
replaced  and  stamping  resumed.     Total  time  required  is  40  minutes 
In   Hh'  *ir;iii   up   ro<Hu   the  chuck   blocks   .irr   scraped    with    iron 
ie  of  old,  womout,  half  round  files,  ground  to  sharp  edge&\  \\tf» 
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plates  are  re-amalgamated  by  the  use  of  a  little  cyanide  and  sent  back  to  the 
battery;  the  screens  are  cleaned  of  amalgam  and  then  sent  to  the  carpenters 
shop  for  new  plates,  duplicate  screens  being  always  on  hand  to  go  to  the  batter}*. 
The  amalgam  obtained  is  ground  separately  for  each  battery  in  a  muller  mortar. 
The  clean  up  barrel  is  also  here  and  is  described  in  g  228. 

At  Mill  67  the  outside  plates  are  dressed;  the  side  keys  loosened;  the  top 
board  and  screen  are  taken  out ;  the  screen  is  dried,  cleaned  and  the  buhr  slots 
closed  up  by  the  foreman;  the  bottom  key  on  chuck  block  is  loosed  until  the 
water  has  all  drained  from  the  mortar,  taking  about  four  minutes;  the  chudc 
block  with  inside  V-amalgamated  plate  attached,  is  lifted  out,  put  on  the  table 
and  the  plate  scraped  and  cleaned;  the  mortar  sands  are  shoveled  into  a  tank 
alongside  the  battery;  the  dies  are  lifted  out  and  cleaned  on  planks  over  the 
long  plate ;  the  shoes  arc  cleaned  and  the  final  sands  in  the  bottom  of  the  mortar 
are  taken  out  by  small  hand  shovels  and  added  to  those  in  the  tank.  One 
mortar  can  be  cleaned  thus  in  1^  hours.  The  cleaning  up  of  the  battery  residne 
in  tho  tank  is  by  panning  tubs  and  sink,  gold  pans  and  sieve. 

At  Mill  77,  all  the  sand  in  the  mortar  is  returned  without  panning,  as  it 
rarely  carries  much  amalgam  (because  the  plates  collect  it),  and  never  any 
coarse  gold.  The  scrap  iron  waste  collects  upon  the  bottom  bar  of  the  screen 
frame  and  is  thrown  out  when  the  screens  are  changed  or  replaced.  On  all 
these  accounts,  the  clean  up  only  comes  when  the  dies  are  worn  out. 

At  Mill  57  the  residues  from  the  batteries  first  cleaned  are  fed  into  the  battery 
last  cleaned.  The  final  accumulation  from  this  battery  is  removed  in  buckets 
and  panned,  iron  being  picked  out  with  a  magnet.  The  heavy  stuff  from  the 
panning  goes  to  a  grinding  pan,  while  the  light  stuff  is  treated  in  a  clean  up 
barrel. 

§185.  Power  for  Stamps. — This  is  consumed  in:  (1)  Lifting  the  stamp. 
(2)  Friction  of  the  cam  on  the  tappet.  (3)  Friction  of  the  cam  shaft  in  its 
bearings.  (4)  Friction  of  the  stem  in  the  guides.  The  apparent  waste  of 
power  in  the  blow  which  the  cam  strikes  against  the  tappet  is  not  real,  for  prac- 
tically an  equivalent  amount  of  power  is  restored  by  bringing  the  stamp  to  rest 
at  the  top  of  its  lift. 

Louis  has  made  an  estimate  of  the  power  consumed  for  a  battery  of  ten 
900-pound  stamps,  dropping  7  inches  90  times  per  minute,  the  weights  for 
which  are  as  follows:  Weight  of  cam  shaft  (15  feet  X  5  inches),  1,000  pounds; 
weight  of  pulley,  2,050  pounds;  weight  of  10  cams,  1,410  pounds;  weight  of 
5.1  stamps  (the  average  number  being  lifted  all  the  time),  4,590  pounds; 
pull  of  belt,  900  pounds.  He  gets  the  following  result*:  Lifting  stamp,  1.432 
horse  power  per  stamp;  friction  of  cam  on  tappet,  0.209  horse  power  per  stamp; 
friction  of  cam  shaft  in  bearings,  0.754  horse  power  for  10  stamps  or  0.075  hon* 
power  per  stamp ;  friction  of  stem  in  guides,  0.005  horse  power  per  stamp ;  total 
1.721  horse  power  per  stamp. 

In  designing  mills,  Fraser  &  Chalmers  make  rough  estimates  for  power  for 
stamps  weighing  650,  750,  850,  900  and  950  pounds  as  1,  IJ,  IJ,  IJ  and  If  horse 
power  respectively. 

It  is  easy  to  compute  from  the  weight,  the  height  of  drop,  and  the  nnmber 
of  drops  per  minute,  the  horse  power  expended  in  overcoming  gravity.  The 
portion  expended  in  overcoming  friction,  however,  is  not  so  easily  computed. 
We  may,  however,  obtain  a  ratio  between  the  total  horse  power  and  the  horse 
power  to  overcome  gravity,  and  the  ratio  will  prove  of  use  in  computing  power 
for  other  stamps.     A  few  determinations  of  this  ratio  are  given  in  Table  123. 

Table  124  shows  the  horse  power  rcM]uirod  by  the  mills  and  their  duty  per 
hors(»  power  based  on  tho  calculated  horse  power.  The  column  headed  "Actual 
horse  power''  contains  the  figures  either  estimated  or  measured^  as  furnished  by 
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TA5L2    123. — SHClVriKG    RATIO    BETWEEN    TOTAL    IT0R8E    POWER    AND    THAT    RE- 
QUIRED   TO    OVERCOME    GRAVITY. 


RatJa 

Aultiority. 

Tt>tal  Poffer,  how  Obtnioed. 

row 
i.aae 

VooR«ytt»« 

Mill  07 

IndiciH«»r  on  engine. 
Theoretical  caleutatioD. 

Lcmi*»" 

tmlb.     The  column  headed  *^Calciilated  horse  power**  is  computed  by  the 

Weight  of  Btamp  X  drop  in  feet  x  drops  per  minute 

bofse  power=^ x  1.127, 

33,000 
in  which  the  figure  1.127  is  from  Von  Reytt's  ratio  in  Table  123. 


TABLE   124.— POWER   FOR   STAMPS. 

AbtorcrTlAttooa— E.=E«Uniat«d:  n.  P. -horse  power;  M,^Mgagured. 
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Calculated 


IMM. 

iIe. 

O.OE. 


'{bii.iii.^ 

IE. 


Capacity  par 
Statu  p  per 
24  Hours. 


l!f 


mto^ 


2.2 


m 


nttty  of 

Stamp  per 

24  Hours 

per  H.  P.  (a) 


{a)  At erage,  t  .68.    (b)  This  Is  for  a  drop  of  6i<  inches, 

|1M. — Cost  of  Crushing  by  Stamps. — It  is  impossible  to  give  a  general 
%Kre  to  c^wer  all  case8,  but  the  various  items  of  cost  can  be  discussed  one  by 
QDS,  mod  '  t  upon  them  of  varying  conditions  can  be  shown.     The  figures 

art  tfitei:'  over  merely  the  cost  of  stamping  and  araaigaraating  without 

iaehdiojT  the  preliminary  rock  breaking  or  subsequent  concentration.     The  items 
lU  foilowsi: 
(if)  Interest,  Tfixe^,  Insurance  and  Depreciations. — Assuming  $300  per  stamp 
'  coift  of  ri  battery,  not  inchiding  cost  of  transportation,  and  allowing  10% 
ir  for  the  above  charge5,  also  assuming  iho  duty  of  one  stamp  as  2.7  tons 
hours,  running  350  days  per  year,  then  t}ie  cost  per  ton  crushed  is  3.172 
Trh:rh  wouhl  be  increased  by  an  amount  depending  on  the  cost  of  trans- 
lachinery  to  the  mill  site. 
^.\- — An   averajje  of  ?G  mills  in  Table  124  gives  1.83  ioiva  ol  ot^ 
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stamped  per  24  hours  per  horse  power.  Using  13  cents  as  the  cost  of  a  horse 
power  per  ^il  hours,*  I  hi'  cost  per  ton  becomes  T.13G  cents.  This  is  probably 
^low,  as  in  Mills  iSiu  50  and  T:;^,  using  water  power,  one  horse  power  requires  1.67, 
*  1  and  1.67  miner's  inches  of  water  respectively,  and  costs  33.33  cents,  18  cents 
and  50  cents  respectively.  This  makes  the  cost  per  ton  stamped  18.213  cents^ 
9.836  cents  and  27.322  cents  respectively.  At  Mills  68,  82,  83  and  84,  which 
employ  steam  power,  the  cost  for  fuel  and  attendance  alone  for  engines  and 
boilers  per  horse  power  is  28  cents,  24.7  cents,  11.625  cents  and  16.5  cents  re- 
spectively. This  makes  the  cost  per  ton  15.301  cents,  13.497  cents,  6.352  cents 
and  9.017  cents  respectively. 

(c)  Wearing  Farts, — Average  cost  for  shoes  and  dies  in  14  mills  of  Table 
107,  is  5.030  cents  per  ton. 

Average  cost  for  screens  in  15  mills  of  Table  101,  is  1.233  cents  per  ton. 

Cost  of  mortar  linings  estimated  from  Mills  57  and  64  at  0.5  cent  per  ton. 

Average  cost  for  bosses  in  13  mills  is  0.399  cent  per  ton. 

Cost  of  stems,  estimated  from  data  given  by  Mill  64,  is  0.276  cent  per  tozL 

Average  cost  for  tappets  in  9  mills  is  0.556  cent  per  ton. 

Average  cost  for  cams  in  7  mills  is  0.303  cent  per  ton. 

Cost  for  guides,  belts,  etc.,  may  be  estimated  at  1.000  cent  per  ton. 

(d)  Mercury  Consumed. — Seventeen  mills  give  figures  ranging  from  0.07  to 
8.00  ounces  per  ton.  Omitting  the  latter  amount,  which  is  far  above  all  the 
others,  the  average  is  0.339  ounces  per  ton.  With  mercury  at  $40  per  flask  (76.5 
pounds),  this  amounts  to  1.107  cents  per  ton.  J.  Hays  Hammond^*  states  that 
the  loss  of  mercury  is  ^  ounce  per  ton  on  an  average.  This  amounts  to  1.634 
cents  per  ton,  with  mercury  at  $40  per  flask. 

{e)  Labor, — Figures  from  12  mills  range  from  3.2  cents  to  13.6  cents  per 
ton.  The  average  is  7.909  cents  per  ton.  If  hand  feeding  is  used,  it  greatly 
increases  the  cost  for  labor.  Thus,  at  Mill  77,  six  men  at  $3  each,  are  required 
per  24  hours  for  feeding  75  stamps,  crushing  85  tons.  This  amounts  to  21.176 
cents  per  ton,  almost  all  of  which  is  additional  to  the  above  average  figure. 

(/)  Water  Used. — The  average  water  used  in  the  mills,  as  shown  in  Table 
135,  is  6.68  tons  per  ton  of  ore.  The  cost  varies  greatly  in  different  mills.  In 
mills  which  use  mine  water,  the  cost  is  counted  as  nothing,  being  charged  off  as 
mining  expense.  At  Mills  50,  59,  72,  and  the  Gover  mill,^^  water  costs  30 
cents,  18  cents,  20  cents  and  20  cents  respectively,  per  miner's  inch  per  24 
hours.  A  miner's  incli  amounts  to  67.05,  67.10,  67.50  and  67.50  tons  of  water 
per  24  hours,  respectively.  For  6.68  tons,  the  cost  would  be  2.989  cents,  1.793 
cents,  1.979  cents  and  1.979  cents 'respectively,  that  is,  these  figures  represent 
the  cost  per  ton  of  ore  crushed.  Mill  84,  which  is  in  a  very  dry  country,  has  to 
pump  its  water  18  miles  and  up  400  feet.  The  cost  for  fuel  alone  per  ton  of 
water  pumped,  is  1.097  cents.  The  cost  for  labor  and  incidentals  would  be  at 
least  as  much  more,  making  a  total  of  2.194  cents  per  ton  of  water  pumped. 
This  mill,  however,  by  a  system  of  settling  and  repumping  at  a  very  slight  cost, 
makes  the  water  go  a  long  way,  so  that  only  2.4  tons  of  water  are  actually  con- 
sumed per  ton  of  ore  crushed.  If  the  above  assumption  is  correct,  the  ccwt  per 
ton  of  ore  is  equal  to  5.266  cents,  but  it  is  probably  low,  because  the  water  main 
is  18  miles  long  and  this  will  have  more  than  ordinary  interest  charges. 

Running  of  Stamps. 

This  includes  the  effects  of  the  various  conditions  and  adjustments  upon  tbe 
work  of  stamping,  with  respect  to  quantity  of  ore  broken,  and  the  quality  of  the 
pulp,  that  is  to  say,  whether  it  is  coarse  or  fine,  and  lastly,  the  efficiency  of  the 

•  Kent's  "  Mech.  EnR.  Pocketbook,**  p.  7».      ^ 
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problc 


ih^ 


ill  either 


I.     In  all  the  stamping? 

jut  ihrough  the  greatest  auiuaot  of  rock,  lualung  the  mini- 

j?tiine»ji,  or  it  will  be  adjusted  to  stamp  finely,  mukiiigj  a  large  percentage 

t,  sacrificing  quantity  somewhat  to  obtain  that  end     The  adjustments 

r  be  taken  up  and  discussed  individually. 

KiKD  OF  Oke. — The  harder  and  tougher  the  ore,  the  glower  will  be  the 

;  the  softer  and  more  friable  or  granular  it  is,  the  more  rapid.     An 

of  this  i»  in  the  Harshaw^  mill,  which  stamped  at  the  high  rate  of  5 

stamp  per  24  hours.     The  ore  consisted  of  horn  silver  and  decomposed 

lay.  hydrated  oxide  of  iron,  and  black  oxide  of  manganese.     Very  clayey 

d  to  impede  crushing. 

TiiE  Size  of  Feed.— *The  smaller  the  lump,  the  more  rapid  will  be  the 

^  until  it  is  so  fine  as  to  be  unstable  upon  the  die.     A  layer  of  rock  one 

p  is  the  most  efficient  arrangement  for  any  size,  because  it  is  struck 

tlie  shoe  and  cannot  change  its  form  without  fracture.     If  the  layers 

1  grains  deep,  they  constitute  a  mass  of  particles  which  can  yield  to 

f  furni  with  diminished  amount  of  fracture. 

ily,  however,  there  is  a  minimum  thickness  of  layer  below  w^bieh  the 

die  would  be  imperiled.     This  thickness  would  be  greater  with  a 

p  or  high  drop  stamps,  but  an  average  would  be  about  1   inch. 

II  wet  crushing  it  seems  clear  that  the  most  eflieient  size  of  feed  is  that 

dre^ponds  to  this  minimum  safe  layer,  and,  since  preliminary  crushing 

er  is  much  cheaper  than  by  stamps  (less  than  one-fifth  the  cost,  accord- 

ouis),  the  diminished  cost  is  a  strong  argument  for  feeding  the  stamps 

I  small  size.  In  dry  crushing  the  conditions  are  different  and  the  limit 
',  my  }  inch,  or  les.s.  Some  authorities  claim  smaller  size  than  1-inch 
that  suitable  for  feeding  stamps.  For  example,  Louis  places  it  at 
ate«  that  it  may  even  be  economy  to  use  two  breakers,  one  following 
^t  this.  Bernard  McDonald'^"  reduces  the  ore  to  5 -inch  maximum, 
"    It^lls  preparatory  to  stamps  which  crush  3}  to  3^  tons  per  stamp 

Rose'^*  recommends  J-inch  diameter  for  feed  for  light  stamps, 
iflineter  for  heavy  stamps.  Thus,  Rose  states  that  the  Huanchaca  Min- 
inerea^ed  the  capacity  20%  by  putting  rolls  between  the  breaker  and  the 

II  practice  larger  sizes  than  1  inch  prevail,  as  is  shown  in  Table  125. 
te  smallest  sizes  in  the  table,  those  of  Mills  37,  %b^  87  and  88,  are  mid- 
ddiicts. 

TABLE   125. — SIZES  OP  FEED   FOR  STAMPS. 


DieiM«CPe«4, 


BtaiB 


68,  m  71, 


M,  S7«  flO,  OEk  7S,  79,  74 


Maxim lun  Rtze  of  Feed, 
locbei. 


3  luesh. 

4  tneah. 


55,  «a.  06, 67, 08,88^88,  84 

e4 

fiS 

87 

88 

8K.87 


tiD  OF  Feeding. — Whether  it  is  done  by  hand  or  by  automatic 

H'^  of  the  stamp  is  a  most  important  element  in  the  capacity  of 

1  mt  judges  the  condition  of  the  layer  of  ore  upon  the  die  by 

i-M-  stamp  stem  and  following  it  down  while  it  strikes  the  blow\ 

Iyer  of  rock  is  too  thin  it  will  have  a  decided  rebound ;  if  too  thick,  it 

wiU'       '   "    linking  blow;  if  right,  it  will  strike  a  sharp,  hard  blow 

m  .  n  of  a  rebound.    It  is  this  blow  which  fetamps  VW  mci^V 
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rook  in  24  hours,  and  it  is  well  worth  the  expense  to  employ  enough  intelligeat 
men  to  tend  the  feeders  closely  in  order  to  attain  this  end. 

At  Charleston/^  Ariz.,  in  a  wet  stamping  silver  mill,  the  capacity  of  the  mill 
was  increased  5%  by  sifting  out  the  fine  ore  previous  to  stamping. 

§  190. — Mercury  Fed  to  Battery. — There  seems  to  be  a  number  of  re&flODB 
in  favor  of  feeding  mercury  to  the  battery.  Some  of  them  will  be  brought  out 
in  the  following  discussion :  A  nugget  of  gold,  lying  on  the  die  under  a  bed  of 
sand  is  violently  abraded  by  the  blow  of  the  stamp.  This  leaves  a  brightened 
nugget  of  gold  of  less  size  than  before  the  blow  and  a  number  of  fine  floating 
particles  which  have  been  scoured  from  the  surface  of  the  larger  nugget  If 
on  the  other  hand  the  nugget  is  coated  with  quicksilver,  this  plastic  akin  greathr 
hinders  abrasion  and  weights  down  tlie  fine  particles  of  gold  which  are  abraded. 
As  a  consequence,  both  the  nuggets  and  the  fine  abrasives  are  in  better  condition 
to  be  caught  by  the  quicksilver  of  the  inside  or  outside  plates  than  if  they  hid 
not  been  coated.  Commercially,  amalgam  is  a  paste  of  little  nuggets  of  goldf 
each  coated  with  quicksilver,  which  may  or  may  not  have  penetrated  to  the  cents 
of  the  nuggets.* 

As  to  the  quantity  of  quicksilver  required,  the  mill  practice  (see  Table  126) 
runs  from  1  ounce  up  to  6  ounces  of  quicksilver  for  each  ounce  of  gold  cauj^t 
The  majority  of  the  mills  appear  to  use  about  IJ  ounces  per  ounce  of  gold. 
Inside  amalgamation  as  a  whole,  that  is,  the  use  of  inside  plates,  as  well  as  the 
feeding  of  mercury,  is  used  in  the  majority  of  mills,  the  opinion  being  that  it 
is  better  to  catch  the  gold  as  early  as  possible  by  these  means,  even  though 
capacity  is  somewhat  diminished  by  the  higher  discharge,  or  wider  mortar  re- 
quired to  prevent  scouring  of  the  inside  plates.  No  rule  can  be  laid  down  fw 
the  frequency  of  the  charging  or  the  amount  of  the  charge  of  mercury  for  the 
mortar.  The  only  safe  guide  is  the  appearance  of  the  outside  plates.  If  theBe 
plates  are  hard  and  the  amalgam  is  crumbly,  sufficient  mercury  has  not  been 
added.  On  the  contrary,  if  mercury  is  distinctly  visible  on  the  plates,  either  in 
drops  or  streaks,  or  if  patches  of  bright,  polished  plate  appear,  it  is  evident  that 
mercury  has  been  added  too  freely.  Mill  67  uses  an  enameled  iron  cup  or  bowl, 
holding  J  pint  in  which  to  keep  the  mercury  and  charges  it  into  tlje  mortar  by 
pouring  a  sufficient  quantity  into  the  hollow  of  the  hand  and  scattering  it  into 
the  mouth  or  feed  opening  of  the  mortar. 

TABLE   126. — DETAILS  OF  MERCURY   FED  TO  BATTEBIEa 

None  is  fed  In  Mills  27,  53,  58,  68,  88,  84,  87. 

Not  reported  in  Mills  54,  55,  60,  63.  70.  86,  88. 

lU  ounces  mercury  per  ounce  g^>ld  in  Mills  56,  71,  76. 

Fed  as  required,  Judging  from  appearance  and  hardnesB  of  the  amalgftin  on  toe  plates  In  MillB  65, 07,  TS; 
78,  74,  76,  88. 

1  to  2  ounces  per  ounce  gold  in  Mill  60. 

4  62. 

6  "       "       "         "     "     »♦    67. 

\%  "     »*      "    77. 

1V4         "       **       '*        "     "     *'    61,  Including  outside  plates. 

I91  to  2  **  "  **  **  **  "  64,  according  to  appearance  and  hardness  of  Amitlp^tw^  or  14  to  ^ 
pouncTper  battery  per  24  hours,  according  to  appearance  of  amalgam  on  apron  plates. 

It  is  fed  hourly  in  MiUs  56,  62,  66,  71.  78,  74. 

It  is  fed  every  2  hours  in  Mill  75;  others  not  reported. 

The  amount  of  mercury  fed  may  be  used  to  calculate  the  probable  result  of 
a  clean  up  at  the  end  of  a  run.  Thus  W.  J.  Loring  at  Mill  73  takes  the  total 
amount  of  quicksilver  fed  during  the  run  and  assumes  a  product  of  $14  or  $15 
per  ounce  which  experience  has  shown  to  be  about  right;  to  this  he  adds  the 
value  of  hard  amalgam  removed  by  steel  scrapers  (see  §  533),  estimated  at  $70 
per  pound.  The  total  will  be  very  nearly  the  yield  of  the  clean  np.  Of  course 
the  values  to  be  assumed  will  vary  in  different  mills  and  can  only  be  found  by 
experience. 

^  For  a  very  fuU  diacunlon  ot  am«\fcanaA^  aee  Louis,"  p.  70. 
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With  any  given  ore»  the  amount  of  mercury  fed  and  the  concentrates  obtained 
day  b>  dtty  will  usually  form  a  basis  for  estimating  the  assay  value  of  the  ore. 
U  om?  of  these  factors  varies,  the  other  should  vary  likewise  provided  the  amal- 
imated  plates  are  alwaya  kept  of  the  same  consistency. 
1 191,  Abba  of  Dischabge  is  the  total  area  of  openings  through  which  the 
ftter  actually  issues.  There  are  two  qualities  of  the  screen  which  affect  this: 
I)  The  percentage  of  opening  in  the  screen,  and  (6)  the  horizontal  length  of 
The  effect  of  the  former  upon  capacity  and  quality  of  crushing  has 
di&cussed  under  screens.  (See  §  145  ei  $eq.)  In  regard  to  the  latter,  since 
I  qpia£h  rarely  exceeds  d  inches  in  height  on  the  screen,  the  available  height  is 
_  irfy  constant,  whatever  the  actual  height  may  be.  This  leaves  the  length  of 
the  ^reen  a£  the  measure  by  which  the  area  of  dischargee  will  be  increased. 
greater  length  can  be  gained  by  cutting  down  the  vertical  bars  between  the 
to  the  narrowest  safe  limit,  but  double  discbarge,  that  is,  discharging  in 
it  and  behind  (see  Fig.  115),  gives  the  largest  gain.  Double  discharge 
would  sc<»m  logically  to  be  advisable  where  high  speed  of  cruBhing  is  sought 
(See  §  144.)  It  has,  however,  not  found  favor  in  most  mills  for  the  following 
feaeoDa:  (a)  It  requires  more  water  per  ton  of  ore  stamped,  which  may  dilute 
the  pulp  too  much  for  the  vanners,  while  the  capacity  is  only  slightly  increased. 
At  CluneSy  Australia,  double  discharge  batteries  use  8  to  10  gallons  of  water  per 
itamp  t»er  minut»f  for  23  tons  of  ore  crushed  per  24  hours  while  at  Ballarat, 
riogje  aiecharge  batteries  use  5  gallons  per  minute  to  crush  2  tone  in  24  hours 
itaznp/*  (6)  Double  discharge  gives  less  time  for  battery  amalgamation. 
The  «plftsh  or  swash  in  the  wider  mortar  acts  less  violently  upon  the  screens, 
ich  are,  therefore,  more  likely  to  clog  up.  (d)  The  rear  screen  is  awkwardly 
ited  for  changing  and  in  consequence  is  liable  to  be  neglected.  Bernard 
ioiiald,*"*  however,  commends  the  double  discharge*  He  finds  the  rear 
la^ts  at  long  as  the  front,  namely,  10  to  14  days.  Mill  56  also  fijids  the 
i  as  long  as  the  front 

TABLE  11^7* — AREA   OF  DI80HABGE. 


N«tLecif^h 
of  8cf«eii. 


About  50 
80 


Set  Area  of 
OpeniDgs 
In  Bcreon^ 


C^pAcity 
perSiamp 
per  91  hour*. 


I.  iQcbes. 

8B7.5 
948.8 

S«&iora)eL4 

Ml 

70.S 
41.Sor60 


n,9 

About  91.5 


Tons. 

9.0 
4.0 

8.0 
1.6 
S.0 

[       1.6 

3.0 
9  to  3 
8.1 
8.875 


Tofcal  Screen 
Ana. 


Sq. 


806 

SM 
198 

618 
546 

1452 
800 


of  Screen, 


44 


Net  Aim  of 

OpeniDfrB 
to  Screen. 


Capa«ltj 

per  Stamp 
per  iM  bollix 


Sq.Ifiebei. 
187.0 


§  192,  Teiplb    DifiCHAHOE,    Two-Stamp    Mills. — Several    manufactnrers, 
mg  whom  are  the  Joshua  Hendy  Machine  Works,  Fraser  &  Chalmers,  and 
Hammond  Manufactnring  Co,,  are  making  two-stamp  batteries,  which  havi' 
'  area  of  discharge.     They  are  especially  adapted  to  prospecting  and  develop- 
work.     In  the  Jo«hna  Hendy  design  (pee  Fig.  151),  the  stamp  weighs  850 
idi  and  drops  an  average  of  G  inches  100  times  per  minute.     The  mortar  has 
end  acreens,  the  area  of  each  of  which  is  115  square  inches,  and  a  front 
en  wlioae  area  is  236  square  inches,  making  a  total  of  466  square  inches 
area,  which  h  nearly  equal  to  that  of  their  ordinary  five-stamp  battery 
[]e  issiie  (520  square  inches). 
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The  Hammond  Manufacturing  Co.  two-stamp  battery  has  the  stamps  weighing 
850  pounds  each,  with  speed  and  parts  similar  to  regular  si  amp  mill.  Tha 
.capacity  of  the  mill  is  4  to  7  tons  per  day,  using  about  4  horse  power. 


FRONT  VIEW 

FIG.    151. — ^TWO-STAMP   MILL. 

§  193.  Size  op  Holes  in  Screens. — Other  things  being  equal,  the  larger  the 
holes  in  the  screen,  the  greater  will  be  the  capacity  of  the  stamps,  and  the  less 
will  be  the  slimes.     To  illustrate  this  the  following  examples  are  given: 

(a)  The  results  of  trials  with  three  sizes  of  screen  made  at  the  Ontario  dry 
stamping  mill.****  The  stamps  weigh  850  pounds  each  and  drop  7J  inches  M 
times  per  minute. '  • 

Mesh  of  screen  used 16 

Tons  crushed  per  stamp  per  24  hours 8.S5 

SIZING  OP  THE  PRODUCTS. 

On  20  mesh 8.Sj( 

Through  20  on  80  mesh. 5.\% 

Through  30  on  GO  mesh. U.1% 

Throu^  60  ou  90  mesh 18.^ 

Through  90  on  120  mesh 9.7% 

Through  120  mesh 64.^ 

(b)  A  trial  of  two  sizes  of  screen  at  Mill  67: 

Slxe  of  battery  screen  used 80  mesh 

SIZING  OP  PULP. 

On  60  mesh 9% 

Through  50  on  60  mesh H 

Through  60  on  80  mesh W 

Through  80  mesh. W 


90 
8.7S 

•?.» 

O.OjC 

4.89f 

U.7% 

U.0% 

69.« 

o.ojr 

10.« 
18.69C 

vr.7% 

40  mesh 

98.(V 
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'    '  to  the  auupuun  i>f  ihe  30*me?h  Fcrucn,  as  the  assays  showed  vrry 
riice  in  the  two  cases*     With  cither  screen  the  tailings  above  80  nieeh 
t\<^  oii  cents  per  ton  and  thostt  below  80  mesh  66  cents  per  ton. 
^'^  A  trial  of  two  sizes  of  screen  at  Mill  55: 


fiiaeof  (KTeenused., lOmah 

Tooa  onulMMlporaihoura  per  stomp., *«...        4 

SIZING  TESTS  OF  PULP. 

OntOineah.. 11^ 

Tlira«]irli90oii4am«ili.. ...,    9S$ 

Through  40  on  CO tncah, ,,»,, ,.. ]Q|K 

Throai?b00on80nie8ii...« ..«.«..     M 

Tlutrti«;baumeah. ,..,,, ...... ...,...,.,», m/L 


Hmeah. 


9.00^ 


\d}  Another  t^st  at  Mill  55,  tieing  a  14-inesh  screen  on  ore  that  contained 
U.46  ouoi>'i<  of  silver  jkt  ton  and  0.50  ounce  gold. 


Abbreviation,— Ok, = ounces. 


mmmgah,. 

npooKli  to  on  SO  mMh. . 

oa^OmeBh.. 

onHOsiealiv. 

1 40  OB  80  na^,. 

laOottlQiMsh.. 

I  TO  on  SO  aicBb. , 

on  too  mcHli. 

tbfOoih  lOOllMSlL*..... 


Per  Ceat. 


Assay  Id 
Os,    aovor 
per  Ton. 


6.7A 

81.80 
17.49 

7.46 
9,41 
11,90 


AMay  in 

02.   Gold 
per  Tod* 


FeroeQtof 
Totftl 
aiUer. 


Per  ooat  of 
Total 
Gokt 


(c)  A  nzing  test  at  Mill  77: 

ODflOnieehCO.dOinm.)... *......*    0.84^ 

Tbroii|rhaOoii40meeb(0.eOto0.iSinEn.) S.tl^ 

TbroaBh40oiieOaieali{0.49to0.fl5ximU , B.Kut 

Tfaraii^ba0ooe0iDeeh(0.9Bto0J«iiim.) 1,96^ 

ThrourbSOoiataOine9h(0.16to048inm.) n.mi 

TliR>uSil90oQ900m€ah(0.1$toO.O«3inni.) id,mt 

Throdgh  800  mesh  (0.068  to  0  mm.) 37.061 

T^rtal , lOO.OOjt 

liis  Ehows  the  quality  of  crushing  under  the  Colorado  system. 
f)  Two  mills  in  Placer  County,  Cal.'* 


Naoieof  lEIU. 


ttilMf  Cem^tit  Gravel  Mine  . 
rOrmTf-l  Drift  Mining  Co. ... . 


Weight  (*f 
Stamp. 


Pound  A. 

8S0 

t.lQO 


Heif^bt  of 
Drop. 


Inches. 

0to8 

eto8 


No.  of  Drctpfl 
per  Minute. 


Siie  of  Hole. 


95  Ui  too 
9b 


C*apftcity  per 
Htauip  per 
tM  hotira. 


Inches. 
^  tround) 


'  capacities  of  these  two  millB  are  exactly  proportional  to  the  sizes  of  holes, 
ttm  though  the  one  which  has  less  capacity  has  much  the  heavier  stamp. 
f)  Further  sizing  tests  may  be  found  in  Tables  318  and  319. 
the  other  hand,  the  size  of  the  holes  should  be,  theoretically,  small  enough 
jthe  particles  of  gold  and  auriferous  sulphides  from  the  quartz;  practically 
rarely  be  done;  we  simply  approach  nearer  to  the  desired  condition  the 
^w^  cnuh.     Just  where  the  limit  should  be,  will  be  found  out  only  by  ex- 
nerit.     Thus,  at  ^fill   75,  a  trial  of  a  finer  screen    (24   mesh),  slightly 
the  yield  of  free  gold  and  also  slightly  reduced  the  loss  of  the  same  in 
j|tjiiling»,  but  at  the  same  time,  the  value  nf  the  concentrates  wa?  reduced  and 
(lo^s  of  concf^ntrates  in  the  tailings  was  increased*     As  this  netted  about  the 
il  lofi^i*  per  ton  in  the  tailings,  coarser  crushing  produced  the  best  results, 
considered. 
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Similarly,  Mill  69  uses  a  No.  0  punched  tin  screen  with  holes  0.026  inches 
(0.658  mm.)  in  diameter  and  21.0%  of  opening,  and  crushes  3.25  to  3.3  tODi 
per  stamp  per  24  hours.  A  Xo.  1  tin  screen  with  holes  0.032  inches  (0.814  mm.^ 
in  diameter  and  26.2%  of  opening,  would  increase  the  capacity  about  \  ton  and 
would  effect  the  same  saving,  but  the  concentrates  would  be  enriched  at  the  ex- 
pense of  free  gold,  which  is  amalgamated  in  the  former  case. 

The  fineness  of  the  screen  affects  the  amount  of  attrition  of  the  gold  particles. 
A  particle  of  gold  resting  upon  the  die  is  powerfully  abraded  by  the  quarti  88 
the  stamp  falls  upon  the  latter;  the  longer  the  gold  nugget  remains  upon  the 
die  the  greater  the  abrasion.  The  abrasion  helps  extraction  to  the  extent  tiut 
it  brightens  the  gold  nugget,  but  the  fine  gold  particles  which  are  abraded, 
^though  bright,  are  yet  so  light  as  to  be  caught  with  difficulty.  It  follows  that 
the  fine  screens  may  overdo  the  limit  of  g:ood  work  when  the  gold  is  coane. 

§  194.  Height  of  Discharge. — By  this  is  meant  the  height  of  the  top  of  the 
chuck  block  or  of  the  lower  bar  of  the  screen  frame  above  the  surface  of  the  die 
(see  Fig.  112&.)  It  will  be  seen  that  as  the  die  wears,  the  height  of  discharge 
will  increase.  For  imiformity  of  work  it  is  important  that  this  height  should  be 
kept  constant.  To  do  this,  four  methods  are  used,  (see  Table  128)  :  (1)  By 
replacing  a  higher  by  a  lower  chuck  block.  (2)  By  reversing  the  screen  frames 
to  replace  the  wide  bar  by  the  narrower.  (3)  By  removing  slats  from  the 
screens  either  outside  or  inside.     (4)  By  raising  the  die  by  fal»3  bottoms. 

TABLE   128. — HEIGHTS   OP  DISCHARGE. 


MiU 
No. 


Lifted  out  of 
Water  or  Not 


Height  of  Discharge. 


How  Ragolated. 


87 
68 
54 
66 
66 
67 
68 
69 
60 
61 
68 
68 
64 
66 
66 
67 
68 
71 
7S 
78 
74 
75 
78 
T7 
88 
88 
84 
87 


Inches. 
IV^toS 

0 

4 

8 
l^to4 
4to6 

4 


Not  regulated. 


6  toe 
6to7 


6to6^ 

lu 

8tol8(umiaUy7) 
4to«H 

7 

10 

10 

7 

7to9 

18  to  16 

4to7H 

8to5 

8  (when  dies  are  new) 

8 


Rerersing  screen  frame. 

FoLse  bottom  2  inches  thick. 

Removable  slats  on  outside  of  screen. 

Chuck  block  changed  for  1-inch  wear  of  die. 

Chuck  block  changed  for  every  inch  wear  of  <! 

Chuck  block  made  of  1-inch  sections. 

Chuck  blocks  8  and  6  inches  high  and  i 

Variable  chuck  Uock. 

Chuck  block  with  U-inch  sectioos. 

Variable  chuck  block. 

Chuck  blocks  7  and  5  inches  high. 

Chuck  blocks  10,  8  and  6  inches  high. 

Uses  screen  frames  5.  n4  and  m  Inchee  wida 

Chuck  block  made  of  1^-inch  aectiona. 

Variable  chuck  block. 

'/ariable  chuck  block. 

Variable  chuck  block. 

Variable  chuck  block. 

Reversing  screen  frame. 

No  regulation. 

Change  screen  frame  ^  to  IfH  Inoheii 

Variable  chuck  block. 

Chuck  blocks  8, 8  and  1  inch  high. 

No  regulation. 

Variable  chuck  blocks. 


(a)  Stamps  are  lifted  out  of  water,    (b)  Stamps  are  not  lifted  out  of  water. 

Height  of  discharge  affects  both  the  quantity  crushed  and  the  quality  of  ths 
crushed  pulp,  probably  more  than  any  other  one  thing.  Low  discharge  is  itpid 
and  gives  great  capacity,  with  a  corresponding  absence  of  slimes.  The  partiebi 
are  discharged  almost  as  soon  as  they  are  small  enough  to  pass  through  the  screefr 
High  discharge  is  slow  and  gives  much  increased  proportion  of  slimes.  It  tcl% 
in  fact,  more  as  a  hydraulic  classifier  lifting  over  only  the  particles  that  wiH 
rise  in  the  current  produced  by  the  feed  water  and  the  swash  of  the  itaapk 
High  discharge  with  30-mesh  screen  has  not  infrequently  been  found  to  giil 


90%  of  pulp  that  would  pass  through  80 -mesh  sieve.  High  discharge  may 
enable  a  coarse  screen  to  be  used  for  fine  crushing  and,  therefore,  diminishes  the 
cost  of  screens. 

If  battery  amalgamation  is  the  primary  object  sought  and  Bubsequent  concen- 
tration is  simply  auxiliary  to  it,  then  high  discharge  is  to  be  advocated,  that  is 
6  to  9  inches  in  California,  13  to  18  inches  m  Colorado,  and  the  dilliculty  of  con- 
centrating the  fine  slimes  is  condoned.  If,  on  the  other  hand,  the  battery  is 
coui^idered  simply  as  a  crusher,  preparing  the  ore  for  subsequent  concentration,! 
rbilc  the  battery  amalgamated  plates  are  auxiliary,  then  low  discharge  should 
be  adopted.  Very  fine  stamping  imder  these  conditions,  however,  is  hardly 
pottdble^  as  it  is  very  hard  to  maintain  the  fine  screen  re<|uired.  Whether  con- 
emtration  or  amalgamation  is  to  be  made  the  primary  object,  can  only  be  decided 
by  Ftudying  the  problem  of  the  ore.  The  tendency  is  toward  the  former.  Three 
examples  are  given  for  illustration: 

Mill  61  reports  that  the  losses  increase  as  the  slimes  increase.  For  this 
reason  a  discharge  low  enough  to  diminish  sliming  and  high  enough  to  favor 
battery  amalgamation,  is  used. 

In  Mill  64,  by  varj^ing  the  height  of  discharge  and  of  the  size  of  the  holes  in 
the  eieve,  the  conditions  giving  the  maximum  yield  were  found  as  shown  in 
Table  129,     Of  these,  the  No.  6  screen  with  6  inches  height  of  discharge,  waa 


TABLE    129. — CONDITIONS  TRIED   IN    MILL  64. 


Siie  of  Screen  Hole, 


Inch/m. 
O.0S7 


Helchtof 
Dfacharge. 


Yalutf  of 
TailiDgs 
per  Ton. 


Ceota- 
Trace  to  90 
Trace  to  Wy 

40 

TO 


doptedt  because  free  gold  was  found  in  the  concentrates  when  No.  5  ecreen  and 
to^ee  height  of  discharge  were  used. 

Phillipe***  reports  that  at  the  Morro  Velho  mine,  Brazil,  on  pyritic  ore,  using 
stamping  without  amalgamation  followed  by  concentration  on  strakes  and  barrel 
imalgamation  of  the  concentrates,  they  obtained  results  as  shown  in  Table  130, 


TABLE  130, — EX1»EBIEKCE  AT  MOERO  VELHO   MINE. 


Half  hi  of 

DtodbATce. 


Pulp 

through  %S0 

Mesh. 


Drops  p^  I    Loaa  of 
Minute.    I      Gold. 


Cftpacity  of 

St^mp  per 

Day. 


The  height  of  the  water  in  a  battery  is  governed  by  the  height  of  diBcharge 
tnd  is  usually  from  3  to  6  inches  above  the  top  of  the  chuck  block,  although  the 
splash  may  rise  as  high  as  16  inches  on  the  screen,  it  followj^  from  this  that  the 
tamp«  may  or  may  not  rise  above  the  water  at  every  stroke.  In  speaking  of  this 
Jie  author  will  use  the  words  splmh  and  swash.  The  splash  is  the  effect  produced 
when  the  stamp  is  lifted  out  of  the  water.  Swash  is  the  effect  produced  when  it 
m  not.  The  former  lau.ns  a  much  more  violent  cutting  action  of  sand  and  water 
upon  the  platee,  scrt-fu?^,  mortar  sides,  etc.,  than  the  latter.  This  is  particularly 
tSM  with  a  low  discharge. 
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196.  Stat  Battebt  and  Overflow  Batteby. — ^Wheie  water  ie  very  scarce 

and  the  height  of  the  issuing  water  on 
the  screen  would,  therefore,  be  tcij 
small,  Rittinger  reports  that  a  stay  box 
is  used  outside  the  mortar,  which  has  a 
'lestricted  discharge  through  a  small 
nipple  n^  (see  Fig.  152).  The  effect 
of  this  is  to  give  a  large  screen  area  for 
sifting,  and  a  very  much  thickened 
pulp  through  the  small  nipple.  It  has 
the  further  advantage  that  the  screen 
does  not  dog  by  chips  of  wood  and 
there  is  less  sliming  than  in  an  ordi- 


MltUMETERS 


iri- 


600 


Tfto 


irv 


FIG.   152. — STAY   BATTERY. 


000 

FIG.    153. — OVERFLOW 
BATTERY. 


nary  battery. 


Order  No.  L— 1,8,5A4. 
2r«.of8Ump.l    a    S    4    6 
^BMkwud. 


Fio.  154. 


This  battery  is  called  Stausaiz,  or  stay  battery. 

Rittinger  also  describes  the  Schuber- 
satz,  or  overflow  battery,  which  omits 
the  screen  and  substitutes  a  narrow 
vertical  passage  gab  with  entrance 
near  the  die,  and  exit  at  the  level  of 
the  water  in  the  mortar,  thus  dischar^ 
ing  fine  stuff  if  wide,  and  coarse  if 
narrow  (see  Fig.  153). 

§  196.  Order  op  Drop. — ^This  is  the 
most  efficient  means  of  distributing 
the  rock  evenly  upon  the  dies.  The 
blow  of  the  stamp  upon  the  die  should 
be  arranged  to  throw  ore  upon  the 
adjacent  dies  to  feed  the  next  following 
stamps.  The  wave  motion  and  the 
lengthwise  swash  must  be  evenly  bal- 
anced to  prevent  the  heaping  up  of  the 
ore  at  one  end  of  the  mortar,  leaving 
the  die  at  the  other  end  bare,  thereby 
decreasing  the  capacity. 


OrdwH^l^tlAa 
NaoTSta^l    S    S   I  ( 
BMkwmiA. 


FIO.  16S. 


/uU 


sr^JSSj 


WuBUmtetbeonieroidnp, 


_  Two  principles  for  governing  the  order  of  drop  have  been  given  by  the  authori- 
ties: (1)  Two  adjacent  t^tamps  should  never  fall  in  euccessioo.  {2)  When  any 
ip  is  striking,  its  neighbors  should  be  rising.  We  may  define  the  orders  by 
.  idering  that  the  observer  is  standing  behind  the  battery  and  facing  it,  then 
calling  the  stamps  1,  2,  3,  4,  5,  numbered  from  the  left  end  of  the  battery  toward 
the  rights  the  order  No.  1  is  1,  3,  6,  2,  4,  by  which  is  meant  that  No.  1  or  left 
hand  stamp  drops  first,  No.  3  or  middle  stamp  second,  No.  5,  or  right  hand 
stamp  third  and  so  on,  or,  numbered  backward,  that  is,  from  right  to  left  1, 
4,  '^,  5,  3.  This  satisfies  both  the  above  principles  (see  Fig.  1-54.)  The  order 
No.  2,  18  1,  5,  2j  4f  3,  or,  numbered  backward  1,  4,  2,  3,  5,  and  does  not  quite 
fulfil  either  principle  (see  Fig.  155),  but  it  theoretically  follows  the  principles 
more  nearly  than  any  other  except  No.  L  On  the  other  hand,  No.  2  seema  to 
give  a  more  e^Tnmetrical  treatment  of  the  whole  battery  than  No.  1. 

These  are  the  two  common  orders  in  the  mills  visited,  thus:  Order  No.  1, 
thai  iis,  1,  3,  5,  2,  4,  or,  written  backi^'ard,  1,  4,  2,  5,  3,  is  utaed  in  Mills  27, 
56,  57,  59,  60,  62,  63,  64,  m,  6S,  69,  71,  72,  76,  77,  82,  83,  84,  88.  Order  No. 
2,  that  is,  1,  6,  2,  4,  3,  or  written  backward,  1,  4,  2,  3,  5,  is  used  in  Mills  58,  61, 
65,  67,  73,  74,  75.  When  other  orders  than  No.  1  or  No.  2  are  used,  they  gen- 
erally vary  the  height  of  some  stamp  or  stamps,  to  even  up  the  work  of  the  bat- 
tery.'^* The  Tenth  U.  S.  Census  (1880),  Vol.  13,  adds  1,  3,  5,  4,  2,  nr  backward, 
1,  2,  4,  5,  3,  as  in  common  use,  Rickard  gives  1,  3,  4,  2,  5  for  the  Fortuna  mill, 
in  which  1  and  5  drop  nearly  togctlier,  also  2  and  4.  This  order  written  back- 
ward would  be  1,  5,  3,  2,  4.     It  appt^ars  that  No.  1  order  is  the  favorite. 

Mill  67  found  by  actual  test  that  they  coulfl  stamp  more  ore,  could  get  a 
better  wave  on  the  screen  and  better  prevent  banking  at  the  ends,  with  No.  8 
than  with  No,  1. 

After  extended  experiments,  Mill  73  adopted  No.  2  order  as  the  one  that  pre- 
sents banking  best  Mill  69  was  built  with  No.  1  order  and  found  that  the  pulp 
piled  up  im  No.  5  die.  It  caused  also  an  ujifven  wearing  of  the  dies,  the  No.  5 
wearing  most  rapidly,  so  that  their  positions  had  to  be  shifted  every  two  weeks. 
The  inside  plate  scoured  over  the  No.  5  die.  Eecently,  ten  of  the  stamps  were 
changed  to  No.  2  order,  with  the  result  that  all  t!ie  above  difficulties  were  over- 
>me  and  a  higher  capacity  obtained  per  stamp* 

liiekard"  reports  that  at  the  Golden  Star  mill,  South  Dakota,  order  No.  2  gave 
onble  from  banking  at  the  ends  and  was  rephiced  by  order  No.  1.  He  also 
sports  that  1,  3,  5,  4,  2  seoured  the  Dead  wood  Terra  plates  badly,  but  promotes 
Ipid  crushing  bettter  than  any  other. 

Speed  of  drop  wOl  affect  the  tendency  to  heap  at  one  or  other  end  to  some 

>ent,  for  the  currents  of  water  and  moving  gravel  from  one  blow,  will  have 

le  to  move  farther  with  slower  stamps  than  with  faster,  and  this  may  cause  a 
reverse  bank  or  a  balance  of  currents. 

Where  two  batteries  are  placed  upon  the  same  cam  shaft,  the  cams  are  inter- 
spaced so  that  No.  1  of  the  first  battery  is  followed  by  No.  1  of  the  second  battery 
and  so  on.  Sometimes  the  backward  or  reversed  order  is  used  on  the  second 
buttery,  it  being  claimed  that  lateral  thrusts  of  the  cams  are  more  perfectly  bal- 
anced thereby. 

§  197.  Number  op  Drops  and  Height  of  Drop. — There  are  two  practices, 
known  a^  the  California  and  the  Cohirado  stamp  mills.  Tlie  California  mill  i 
uses  a  short  drop  and  runs  its  cam  shaft  as  fust  as  it  can  without  danger  that  the 
rising  cam  shall  strike  the  falling  tappet.  They  run  from  80  to  110  drops  per 
miniite  and  5  to  9  inches  drop.  The  Colorado  mill  (chiefly  in  Gilpin  County), 
uses  a  high  drop,  which  necessitates  fewer  drops  per  minute.     They  use  1^  to 

•inch  drop  and  run  26  to  32  drops  per  minute." 

A^  u  crpTiPral  principle,  the  ^refiter  the  number  of  drops  per  mVtt\i\ft  qI  %.  ^^^^ 
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stamp,  the  greater  the  quantity  of  ore  crushed,  also  the  higher  the  drop,  the 
greater  the  capacity.  These  two  principles,  however,  conflict  with  each  other. 
If  many  drops  are  sought,  the  height  of  drop  must  be  small,  else  the  falling  tappet 
will  strike  the  rising  cam.  The  California  practice  is  the  result  of  pushing  for 
many  drops;  the  Colorado,  for  high  drop. 

Limits  Due  to  Power. — D.  B.  Morison^®*  has  by  the  use  of  an  indicator,  show- 
ing the  complete  cycle  of  velocity  of  a  stamp,  lately  made  an  investigation  which 
throws  a  great  deal  of  light  upon  the  number  and  height  of  drops  possible,  and, 
at  the  same  time,  upon  the  diameter  of  the  inscribing  circle.  His  indicator 
consisted  of  a  drum  7  inches  in  diameter,  revolving  with  uniform  velocity.  The 
recording  pencil,  running  between  vertical  guides,  was  attached  to  a  washer  on 
the  stamp  stem,  this  washer  being  loose  and  held  in  position  by  collars  above  and 
below.  The  battery  had  900-pound  stamps  and  Sandycroft  standard  cams,  and 
was  run  a  week  to  establish  practical  conditions  before  the  tests  were  made. 

TABLE  131. — ^ANALYSIS  OP  D.  B.  MORISON'S  CURVES  OF  THE  VELOCITY  OF  STAMPS. 


Mori- 

Dropfl 
Himite. 

Drop. 

Ascent  with  Uniform 
Velocity  A-B. 

Ascent  with  Re- 
tarding Veloc.  B-C 

Time  of 
Uniform 
ly  Accel- 
orated 
Descent 
C-D. 

Time 
of  Re- 
bound 

D-E. 

Time  of 

Total 

80n*8 

FlateNo. 

Time. 

Height. 

Velocity 

I)er 
Second. 

Time. 

Height. 

Time  of 
Cyde. 

9 
10 
11 
IS 
18 
14 

82 
88 
97 
80 
84 
96 

Inches. 

P 

8 

8 

Seconds. 
0.28 
0.22 
0.212 
0.284 
0.278 
0.275 

Inches. 
0.82 
6.2 
6.76 
7.64 
7.8 
8.12 

Inches. 
27.6 
28.2 
81.9 
26.9 
28.1 
29.5 

Seconds. 
0.06 
0.07(a) 
0.05 
0.06 
O.0B7 
0.048 

Inches. 
0.5 

0.84(a) 
0.48 
0.56 
0.54 
0.48 

0.2 

G.21 

0.20 

0.28 

0.895 

0.222 

Seconds. 
0.11 
0.10 
0.0» 
0.186 
0.06< 
0.100 

Seconds. 
0.18 
0.086 
0.06 
0.06 
0.10 
0.00 

flwiondi 
0.7U 
0.68 
0.6» 
0.15 
0.71 
0.60 

(a)  These  figures  are  so  out  of  the  harmony  with  the  others  that  they  have  been  thrown  out  in  the  < 


TABLE    132. — COMPUTED    DROPS    PER    MINUTE    AND    DIAMETERS    OF    IK80BIBIK0 
CIRCLES  FOR  VARYING  HEIGHT  OF  DROP. 


Hotght  of  Drop  in  Inches. , 

Time  for  aseent  with  imiforiii  Telocity  In  eeoonds. 
Time  for  a^iceut  wit^i  retarded  velocity  in  seconds 

Total  time  for  deeeent  in  seconds. 

Total  time  for  rebound  and  ro^jse  tn  oecondM. . . . 

DropA  per  minute - ,  - . 

Diameter  of  iDBCrlblng  dmle  in  loehefi. 


3 

.<m 

,055 
.18S 

Am 

143.6 
6.00 


4. 

Jio: 

,0S5 

Am 

138.8 
7.30 


.141 
,059 
.17G 
J  60 


e 

.066 
.!» 
.160 
106.4 
8.CT 


.OSS 

Am 

10.58 


.335 
.0&& 

-ISO 

11.54 


.10 

.055 

.i»i 

.150 
12.58 


10. 

.066; 

.150 

m% 

18.47 


14. 
.4^ 

.150 
MM 


.5I> 

■m 


Table  131  shows  the  results  obtained  by  analyzing  and  measuring  his  riz  in- 
dicator cards,  of  which  two  are  given  in  Figs.  156  and  157.  The  cycle  in  Fig. 
156,  for  example,  may  be  thus  stated :  At  A,  the  condition  of  the  stamp  is  changra 
in  an  instant  from  repose  to  full  velocity  upward.  The  stamp  then  continues 
from  A  to  S  at  uniform  velocity.  From  B  to  C  its  upward  velocity  decreases 
to  zero  by  uniformly  retarded  motion.  From  C  to  D  the  stamp  falls  with  ap- 
proximately uniformly  accelerated  velocity.  At  D  it  strikes  the  blow  on  the 
quartz  and  rebounds  from  D  to  E,  and  finally,  the  stamp  is  in  repose  from  B  to 
A.  The  dotted  line  from  4  to  S  is  the  actual  line  traced  by  the  pencil  and 
shows  irregularities  due  to  vibrations  of  the  mill.  The  straight  black  line  U 
what  it  would  have  been  if  those  vibrations  had  not  existed.  The  dot  and  dssh 
line  on  the  descending  side,  is  put  in  to  compare  the  actual  patii  of  Uie  stamp 
with  that  of  a  body  falling  in  a  vacuum. 

From  Table  131  we  may  conclude  that  31.9  inches  per  second  is  a  mazunnm 
safe  lifting  velocity,  which  is  further  borne  out  by  Table  133  of  mills ;  that  0.055 
second  and  0.5  inch  are  the  time  and  height  respectively  of  retardation  cone- 
gx>nding  to  this  velocity  (these  are  both  averages  of  five  out  of  the  six  figoreB 


GBA  vrrr  stamps, 

i);  fi  1-         -1  is  a  sui!tcient  total  time  to  allow  for  rebound  and 

je,  iD  i^^ing  cam  may  not  strike  a  falling  tappet     Using  these 

igortSy  wt  can  compnto  the  maximum  number  of  drops  possible  for  any  given 
^  '  '    of  drop*     The  values  in  Table  132  have  been  computed  thus:  With  a  lift 
Qche^,  for  example,  there  will  be  0.5  inch  of  retardation  at  the  end  of  the 
iiring  3»5  inches  of  uniform  aacending  velocity.    Dividing  this  3.5  inches 
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Scale  of  Time  In  Seconds^ 
|5g, — 8TAJ1P  CARD,  WITH  TAPPET  SET  TO  GITE  SJ  INCHES  LIFT — WET  CBUBH- 
ING — DBOPS   PEB    JlIIirUTE— 97 


■^, 

/^ 

■> 

N 

/ 

\ 

N| 

V 

y 

/ 

1 

Is 

\ 

/ 

\ 

1 

\ 

/, 

1 

1, 

\\ 

) 

'f 

J' 

\ 

J 

/ 

\ 

/ 

\ 

J 

r- 

i 

je 

3 

tj 

4 

s 

1) 

7 

8 

.ft 

io 

Srwle  of  Time  In  Seecmda. 
15?,— STAMP  CAM)  WITH  TAPPET  SET  TO  GIVE  8  INCHES  LIFT, — WET  OIUSH- 
JNO. — DBOPS   PER   MINUTE=84. 


'  31*9  inches  per  second,  we  get  0.110  second  consumed  in  lifting  the  stamp  at 
velocity.     The  time  for  retardation  is  0.055  second,  as  assumed.     The 
iroe  of  descent  is  mea^&ured  on  Hie  card  (see  Fig,  156)  from  F  to  H,  and 
cond.     Th<*  time  for  robniind  and  impose  is  0.150  j^^cond,  as  a^sumrd* 
Lof  all  tbeee  19  U,473  second  and  is  the  total  time  of  one  c^^Ve.    \>vi\^- 
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ing  60  by  0.473  we  get  126.8  as  the  number  of  drops  per  minute  that  is  possible 
for  a  4-inch  drop.  The  diameter  of  the  inscribing  circle  is  obtained  by  the  fd- 
lowing  proportion,  based  on  the  fact  that  the  height  of  lift  is  equal  to  the  string 
unwound  (see  Fig.  145). 

0.110+0.055:0.473=4  inches:  x 
^=11.47  inches  as  the  semi-circumference  of  the  inscribing  circle.    The 
2X11.47 

diameter  is =7.30  inches. 

3.1416 

The  figures  for  the  other  heights  of  drop  were  computed  in  the  same  way 
except  that  for  those  above  8  inches,  the  time  for  descent  was  obtained  by  mul- 
tiplying the  theoretical  time  of  fall  for  the  drop  in  a  vacuum  by  1.07,  an  aver- 
age factor  obtained  from  several  comparisons  on  the  diagrams  of  the  actual  and 
theoretical  curves. 

This  table  is  based  upon  31.9  inches  per  second  velocity  as  the  maximum  safe 
speed  of  lifting  a  stamp,  and  a  speed  that  should  be  maintained  to  waste  the  leart 
time.  It  is  clear  from  the  figures,  that  to  maintain  this  condition,  the  diameter 
of  the  inscribing  circle  must  be  exactly  suited  to  the  height  of  drop  and  speed. 
In  doing  this,  however,  for  average  stamps  of  850  pounds  weight,  with  height  of 
drop  less  than  the  dividing  limit  of  7-inch  drop,  it  is  impossible  to  use  the  first 
part  of  the  curve,  because  the  sum  of  the  radii  of  the  cam  shaft  and  stamp  stem, 
and  of  clearance  will  be  greater  than  the  radius  of  the  inscribing  circle.  There 
are,  then,  two  courses  possible :  (a)  to  use  a  large  inscribing  circle  with  a  shortened 
cam;  (6),  to  reduce  the  sizes  and  weights  of  the  parts  so  that  the  curve  from 
the  correct  inscribing  circle  can  be  used.  Considering,  for  example,  a  4-inch 
drop,  the  second  method  allows  of  the  theoretical  123  drops  per  minute,  but  cuts 
down  the  weights  of  the  parts  to  where  the  stamp  would  probably  be  of  no  prac- 
tical use.  The  first  method  is  the  only  alternative,  but  it  is  imposssible  to  get 
the  theoretical  123  drops  per  minute  without  greatly  oversteppping  the  31.9 
inches  per  second  maximum  safe  lifting  velocity. 

§  198.  Limits  of  Speed  and  Height  of  Drop  Due  to  the  Mobtar. — ^Besides 
the  limits  due  to  the  mechanism,  there  is  an  upper  and  lower  limit  due  to  condi- 
tions  in  the  mortar.  If  the  drop  is  too  low,  the  die  may  not  be  covered  by  ore 
preparatory  to  the  next  stroke.  If  too  high,  an  unreasonable  wear  on  the  dies 
will  take  place,  unless  a  harmful  thickness  of  layer  is  used  on  the  die.'^ 

The  rapid  drop  has  the  indirect  effect  of  increasing  capacity  by  creating  a  more 
violent  swash  of  the  water  which  holds  the  fine  stuff  in  suspension  and  enables 
the  water  to  carry  it  out  of  the  battery. 

Banking,  particularly  at  the  end  of  the  mortar,  may  be  prevented  upon  a 
given  die  by  increasing  the  height  of  the  corresponding  stamp,  or  the  effective- 
ness of  the  swash  to  discharge  through  the  screen  may  be  increased  by  varying 
the  drop  of  a  particular  stamp.  Thus,  at  the  Ow^'hee  mill  it  was  found  of  af 
vantage  to  give  No.  3  stamp  ^  inch  more,  and  No.  2  and  No.  4  stamps  \  indi 
more  drop  than  No.  1  and  No.  5  stamps.'®  This  expedient  is  not  to  be  recom- 
mended,  however,  as  it  hinders  inside  amalgamation,  and  because  the  proper  use 
of  the  usual  adjustments  will  cure  the  evil. 

8  199.  Weight  of  Stamps  and  Effectiveness  of  Blow. — Closely  connected 
wifli  height  of  drop  and  number  of  drops  in  considering  the  efficiency  of  stamps, 
is  the  weight  of  the  stamp.  As  a  general  rule,  we  may  say  the  crushing  capacity 
of  a  single  blow  increases  almost  directly  as  the  weight  of  the  stamp  when  speedy 
height,  etc.,  remain  unchanged. 
The  effectiveness  of  the  blow  can  be  stated  for  comparison  in  two  wajs:  (s) 
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weight  of  yfamp  per  square  inch  of  die,  and  (6)  as  foot  pounds  per 
gb,  in  which  the  element  of  height  is  inchided.  Table  133  g^ives  both 
for  the  mills  visited  by  the  author.  The  tirst,  which  is  obtained  by 
weight  of  the  stamp  by  the  area  of  the  die  in  square  inches,  varies 
,6  to  VJA.  Ltjuis  recommends  from  11  to  14  to  be  used  in  designing 
The  second  method,  which  is  by  far  the  better,  is  obtained  by  multi* 
he  weight  of  the  stamp  in  pounds,  w,  by  the  drop  in  inches,  h,  and  divid- 
product  by  12  timee  the  area  of  the  shoe  in  square  inches,  a,  which  is 

wXh,                                           w  v^ 
y  the  fraction ,    This  value  is  equal  to where  t;  is  the  velocity 


12Xa 


64,4a 


second  that  the  stamp  would  aequiie  if  it  fell  freely  in  a  vacuum, 

in  Table  133  were  computed  by  the  first  of  these  two  expressions  and 

Snr  6.20  to  18.3  foot  pounds  pur  square  inch.     The  stamp  never  quite 

energy  indicated,  because  the  velocity  falls  a  little  short  of  the 

J  on  account  of  the  friction  of  the  guides  and  water.     Morison  iinds, 

_  the  dot  and  da^h  and  the  full  line  (Figs,  156  and  157),  that  the  loss 

is  17%  with  well  lubricated  stamps,  and  estimates  that  it  may  increase 

under  average  conditions  of  work.     Louis/*  in  discussing  Morison's 


TABLB   133* — EFFICIENCY   OF   STAMP   BLOW. 
Abbrovtotfrms— In  =  Inches;  Ltw  =Po«ndi:  No— Nufuber;  8q.= Square. 


Height 
Drop. 


Ilk- 


Dropfl 
per 

Minute. 


Diameter 

of 

Die. 


Wei(er-t 

per 
Sq.  Inch- 
Co) 


U.06 


i4.gs 

18.03 
13.86 
17. GO 
14.  }& 

15,00 

u,m 
Hm 

15.13 
14.0S 
14.08 
14.08 

nM 

15.02 
16.75 
14.4^ 

net 

13.98 
16.80 
15.86 
1^.78 

u.oe 
H.oe 


Foot  Lbs 
perSq. 
loch,  ib) 


7.84 


10.03 
7,50 
8.81 
7.49 
6,12 
e.61 
BM 
O.lfl 
0.01 
7.16 
18.82 
10  M 
10,24 
0.15 
10.84 
6.94 


MAximum 
61x0  of 
Feed, 


Rut)  of  mine. 
Run  of  mint?,4J| 

Run  ofrajne. 
8  tnedb. 


Size  of 
Screen  Hole. 


iDCbee. 
.085  6q. 
.088  80. 
S4ineab. 
.043  8q. 
.068  6q. 

.021  or  .OSS  Sq 

.025  rcHJoa. 

40  mesh. 

.088  round. 
084  or  .029  ** 

asmeah, 

.087  Blot. 

.080  round. 

.nSM  Blot. 

.0S5  slot. 

«0»0  8q. 

'soroeBb*'  ' 
.038  slot* 
.oaOrotand. 
.080  round. 
.045  80, 
86  mean. 
.017  Alotw 
.000  6q. 
.017  8q. 
.010  Sq. 

84  or  30  ineih." 
.OQSnloU 


Height 
of  Dis- 


^ 

3 


10 
10 

(c)8-ia 


c&p&dty 

84Houre. 


3.6 
8.5 


^o,  JCaa    (5)  Artsmge,  a 00.    (c)  Usually  7,    <d)  Through  4  mesh  on  12  mesh,    (e)  With  new  dies. 

lyB  that  the  loss  of  velocity  amounts  to  between  15  and  37%.    Since 
aries  a*  the  square  of  the  velocity,  this  corresponds  to  a  loss  of  energy 

Ir-r  that  of  all  the  work  put  in  to  a  stamp  only  88.73%  is 
i  iifting  (pee  §  185),  and  that  of  this,  177©  at  Vcast  v^s  txqV  t^- 
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covered,  we  have  73.65  %  left  as  the  final  efficiency  of  the  gravity  stamp  under 
the  most  favorable  conditions. 

Referring  to  Table  133,  Mill  56  has  the  lowest  figure  of  6.20  foot  pounds  per 
square  inch.  This  is  a  gravel  mill,  crushing  very  coarse  where  the  cement  can 
be  perfectly  disintegrated  without  fine  stamping  the  gravel.  On  the  other  hand, 
Mills  77  and  85  have  the  highest  figures  of  18.32  and  16.24,  respectively.  These 
are  the  only  mills  using  the  Colorado  system,  and  they  are  seeking  for  the  finest 
possible  crushing  of  the  ore.  In  the  regular  California  mills  the  figures  ran 
from  %.^  to  10.2. 

Hardman  has  found  at  the  Oldham  mill,  which  treated  custom  oresy  that  the 
blow  should  be  regulated  according  to  the  individual  character  of  the  ore,  and 
since  it  is  impossible  to  change  the  weight  of  the  stamp,  the  regulation  is  made 
by  changing  the  height  of  the  drop.  Thus,  for  example,  for  a  harder  ore,  8-inch 
drop  would  be  suitable,  while  a  6-inch  drop  would  suit  a  softer  ore.  The  former 
corresponds  to  10.08,  the  latter  to  7.56  foot  pounds  per  square  inch. 

Louis  calls  attention  to  the  fact  that  the  work  required  to  lift  a  stamp  weigh* 
ing  W  pounds  through  a  height  //  feet  is  Wll  foot  pounds,  while  the  momentum 
of  a  falling  stamp  is  T7F=Tr|/64.4  H.  Therefore  the  work  of  lifting  varies  as 
the  height,  while  the  work  given  out  by.  the  blow  varies  as  the  square  root  of  the 
height.  In  consequence,  the  "most  economical  way  of  employing  power  in  a 
stamp  mill  is  by  making  the  weight  as  great,  and  the  height  of  drop  as  smaU, 
as  is  consistent  with  convenience  in  practice."  It  will  be  seen  that  this  is  borne 
out  in  mill  design. 

At  the  Penn  mill  and  Iron  City  mill,*  working  on  the  same  ore  from  the  Con- 
crete mine,  17^  cords  (a  cord  is  about  9  tons),  or  157 J  tons,  took  9  days  at  the 
former  with  25  slow  drop  stamps,  while  at  the  latter,  18  cords,  or  162  tons,  took 
3jt  days  with  25  fast  drop  stamps,  and  at  the  same  time  the  fast  drop  stamps 
yielded  7J  pennyweights  more  gold  per  cord  than  the  slow  drop  stamps.  The 
ore  ran  about  3  to  4  ounces  gold  per  ton.  The  ore  was  quartz,  containing  con- 
siderable iron  sulphide.  At  the  Iron  City  mill  the  ore  fed  was  from  a  grizzly 
with  IJ-inch  spaces  and  a  Blake  breaker,  set  at  2  inches.  The  speed  of  the 
stamps  was  58  to  65  drops  per  minute  and  the  height  of  drop  was  from  8  to  12 
inches,  average  about  9  inches.  Each  stamp  weighed  700  pounds.  The  height 
of  discharge  was  8  inches.  The  screen  was  7X48  inches.  Each  stamp  used  2.8 
gallons  water  per  minute. 

The  Alaska-Treadwell  milP**  has  adopted,  after  numerous  experiments,  1,000 
pounds  weight  as  the  maximum  that  can  be  satisfactorily  used.  Greater  weight 
gave  increased  capacity,  but  hindered  amalgamation  by  the  rapid  rush  of  the 
pulp  over  the  plates. 

California  practice  has  adopted  800  to  900  pounds  as  the  most  satisfactoiy 
weights  (see  Table  133). 

At  the  Oro  Fina  mine,t  Big  Canon,  Cal.,  1,450-pound  stamps,  dropping  6 
inches,  95  drops  per  minute,  crushed  3  tons  per  stamp  per  24  hours.  Later 
1,130-pound  stamps,  dropping  6  inches,  107  drops  per  minute,  crushed  3  tons 
per  stamp  per  24  hours.  The  latter  stamps  were  much  easier  on  the  frame,  and 
figure  out  only  87.4%  of  the  power  of  the  former. 

The  difficulty  with  the  heavy  stamps  lies  in  the  fact  that  the  frame  must  be 
built  extremely  strong  to  resist  vibration,  and  the  expense  increases  out  of  pro- 
portion to  the  increased  duty  of  the  stamp. 

The  difficulty  with  extremely  light  stamps  is  that  they  do  little  work  unlea 
given  high  drop,  and  if  given  high  drop,  the  drops  per  nmrate  must  be  mudi  re- 

*  PriTate  oommuDleatkm.  Aofnuito  Kattm  ud  &  V.  VtweD. 
t  Mfite  eommHnieiifinn,  P.  Q.  Fiulow. 


!  to  prcrent  the  risiDg  cam  from  striking  th^  falling  tappet  and  hence,  the 

ivantiii?*?  )r  ImL 

,  LiL  p8  and  short  drop  are  used  in  gravel  milliog  (see  Mill  56) ;  also 

Jj  ...  v.....^,  for  example,  the  Dahlonega  district,  Utorgia  (see  Figs.  95a  and 
>),  irhi*re  the  stamp  is  ii8f*d  upnn  lumps  that  are  not  disintegrated  by  hydrau- 
'--—     The  gtamp  weighs  450  pounds  and  drops  9  inches,  80  times  per  minute. 

TABLE    134. — STAMP  MI1.L  PRACTICE   IS   SOUTH   AFRICA. 
Abbr«Yialiotii.^d.= pence;  Lo.  =  Liicli;  LbH.^pounds;  fl.=HliUtiuKH, 


p  ^  Jack  (new  tuiti). 
vmtmar  St.  Jack  (old  mill). , 
Volboiar 


Number 

of 
St&mpa. 


Weight 
of  etich 


Number 

of  Drop?! 

per 
Minute. 


Heffbt 
Drop. 


DopCbof 


tDc))es,    IncbeM, 


!H 


^ 


m 


Capacity 

per 
Stj&mp 
per  34 
Hoyrs 


Hmhm 

of 
ftcreeu 
per  LJd- 


Cost  of 
Milling 
per  Too 


a.     d. 

4  9.50 
3  9.l» 
2  8ja 
a  4.S9 

5  6.08 

2  4.00 

S  4,00 

2  W.74 

8  1.88 

8  8.b4 

i  ii^oe 

S  l.i4 


The  height  of  discharge  is  2  inches  when  the  dies  are  new.    The  screen  has  121 
es  per  square  inch.     The  mill  crushes  2  to  5  tons  per  stamp  in  24  hours. 

South  Africa,  where  the  aim  is  not  to  get  the  maximum  extraction  by  am- 

iiniitiou  but  rather  to  combine  amalgamation  with  cyaiiiding  and  at  the  same 

oe  to  use  such  stamps  as  will  give  the  maximum  crushing  capacity,  crushing 

finer  than  is  necessary  for  the  cyaniding,  tha  practice  in  the  recently  built 

jilld  is  to  use  heavy  stamps,  weighing  from  1,100  to  1,250  poundn^.     Table  134 

t»w«  the  weightfi  in  a  number  of  mills,  together  with  the  other  adjustments  and 

eapacities. 

1200.  Amount  and  Temperature  of  the  Water. — Only  the  former  will 

I  here,  the  latter  being  reserved  until  the  ehapt<'r  on  "Amalgamation/' 

I.)     The  quantity  of  water  used  in  stamping  varies  with  the  amount 

^le  and  ali-o  with  the  treatment  which  is  to  follow.     The  greater 

uf  water,  the  more  rapid  will  be  the  stamping,  and  tbe  less  the 

sing,  for  the  reason  that  the  erui^hed  particlei?  will  be  taken  out  of  the  way  as 

they  are  crushed,  by  a  large  quantity  of  water.     This  increase,  however, 

proportional  to  the  amount  of  water  and  &^  water  increases,  very  soon 

m  practical  maximum.     With  a  small  amount  of  water,  the  crushing  of 

next  fragments  is  seriously  hindered  by  the  fine  ore  which  has  not  yet  been 

irgcd,  and  which  is  cru-^hed  finer  in  consa^nence.     If  we  carry  the  idea 

'arther  in  the  direction  of  diminution  of  water,  we  n?ach  a  condition  where 

ortar  is  filled  with  mud  and  tlie  stamp  ceases  to  crush  anything.     Beyond 

ive  dry  cnishing  used  in  dry  silver  mills.     For  this,  the  ore  must  be 

(iratory  to  .niamping.     The  mortars  a^?  double  issue  (see  Fig.  115), 

irge  at  the  level  of  the  die.     The  screens  are  housed  in  to  coniine  the 

w<irm  conveyors,  running  in  front  and   behind  the  mortars,  collect 

"  ore  for  the  whole  mill.     The  dry  cmjshing  stamp  has  a  tow  capacity 

It  double  the  cost  per  ton  compared  with  the  wet,  and  consftc^VLiewW^ , 
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makes  a  larger  percentage  of  fines,  as  is  well  shown  by  the  following  test  of  the 
product  of  the  Blue  Bird  mill  Butte,  Mont.  Through  20  on  30  mesh  (1.0  to 
0.6  mm.),  lX){V/c  ;  through  30  on  10  mesh  (0.6  to  0.42  mm.),  1.037© ;  through  40 
on  60  mesh  (0.45^  to  0.25  mm.),  4.937© ;  through  60  on  120  mesh  (0.25  to  0.12 
mm.),  6.42%;  through  120  mesh  (0.12  to  0  mm.),  86.62%.  The  ore  was 
principally  silica  and  was  crushed  by  800-pound  stamps,  making  90  drops  per 
minute  of  8  inches.  Screen  used  was  20  mesh  with  0.61  mm.  holes.  Sizing 
tests  of  the  Ontario  dry  crushing  mill  have  already  been  given  in  §  193. 

The  treatment  which  is  to  follow  wet  stamping  limits  the  quantity  of  water, 
because  both  the  amalgamated  plates  and  the  concentrating  machines  work  at  a 
disadvantage  with  too  much  water. 

Table  135  gives  the  quantity  of  water  in  gallons  per  minute  per  stamp  and  in 


TABLE   135. — WATEB 

USED 

IN   STAMPING. 

T 

Capacity  per 

Water  Used 

Water  Used 

Mill 
No. 

Capacity  per 

Water  Used 

Water  Used 

Stamp  per  84 
Hours. 

per  Stamp  per  per  Ton  of  Ore 
Minute.        !  Stamped,  (a) 

Stamp  per  24 
Hours. 

per  Stamp  per 
Minute. 

per  Ton  of  Ore 
Stamped,  (a) 

Ton«. 

Gallons. 

Tons. 

Tons. 

QalloDs. 

Tons. 

56 

4.0 

2.64 

3.95 

68 

1.76 

2. 

6.86 

S0 

6.0 

6.69 

6.68 

71 

2.4 

8. 

7.49 

67 

1.6 

2. 

7.49 

72 

2.5 

8.86 

7.48 

68 

2. 

4.7 

14.06 

78 

8.5 

1.7 

8.98 

60 

1.5 

4. 

15.97 

71 

3.5 

1.7 

8.98 

60 

1.7 

8. 

10.57 

75 

8.76 

8. 

8.19 

61 

8. 

8.6 

7.19 

77 

1.14 

8. 

10.61 

68 

2toS 

2. 

5.99  to  8.99 

83 

8.2 

8. 

6.46 

64 

8.1 

8. 

5.80 

SI 

2.5 

1.(6) 

8.40 

65 

8.5 
4.5 

1.7 
8.25 

8.92 
4.32 

66 

67 

8.5  to  8.25 

2.5  to  8.25 

6.00 

(c)2.83 

(08.77 

(06.68 

(a)  1  galIon=8.S.S89  pounds;  1  eallon  per  minute=6. 00399  tons  in  84  hours.    (6)  This  does  not  include  what 
is  re>pumped  to  the  stamps,    (c)  This  is  the  average  of  all. 


tons  of  water  per  ton  of  ore  crushed.  The  former  is  the  usual  mode  of  express- 
ing it.  Nineteen  mills  in  Australia  and  Xew  Zealand  (taken  from  Rickard**), 
when  averaged  gave  2.13  tons  of  ore  crushed  per  stamp  per  24  hours,  and  used 
5.43  gallons  of  water  per  stamp  per  minute,  or  15.87  tons  of  water  per  ton  of 
ore.  The  water  used  is  largo,  due  to  the  fact  that  several  of  the  mills  use  double 
discharge.  Louis*®  gives  as  general  practice,  80  to  240,  or  an  average  of  150 
cubic  feet  of  water  per  ton  of  ore.  This  corresponds  to  2.5  to  7.5  tons,  or  an 
average  of  4.69  tons  water  per  ton  of  ore. 

§201.  Advantages  and  Disadvantages  of  Gravity  Stamps  as  compared 
with  rolls  and  grinders  may  be  expressed  as  follows: 
Advantages, 

1.  They  are  simple  in  design  and  simple  and  comparatively  economical  in 
operation,  not  requiring  skilled  mechanics. 

2.  They  not  only  crush  fine  at  one  operation,  but  they  successfully  combine 
this  crushing  with  amalgamation.  They  are  more  successful  than  any  of  their 
competitors  in  the  way  they  brighten  the  gold  for  amalgamation. 

3.  They  are  adapted  to  the  treatment  of  a  great  variety  of  ores,  and  in  many 
cases,  give  better  results  than  any  other  process. 

4.  There  is  no  great  loss  of  power  by  friction. 

5.  A  disabled  battery  may  be  hung  up  and  repaired  without  delaying  its 
associate. 

Disadvantages. 

1.  The  first  cost  is  large  and  transportation  charges  are  hiriL 

2.  The  strains  are  excessive,  necessitating  heavy  frames  and  large  and  ezpeiif 
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'   '    ^ none,     ill  consequence^  they  are  cumbersome  and  require  a  great 
e, 

ire  not  a  positive  machine^  that  is,  the  power  consumed  h  a  constant, 
V  rock  ii*  broken  or  not. 
Tbure  IS  danger  of  over-stamping  and  sliming. 

They  are  not  wreil  adapted  to  dry  cnishing,  because  of  their  small  capacity 
go  used. 

esc  disadvantages  are  not  so  important  as  they  at  first  appear.  The  exceg- 
rive  first  cost  and  cost  of  transportation  appear  much  smaller  when  based  on 
the  total  amount  of  ore  crushed.  Sliming  the  ore  may  bu  avoided  to  a  great 
iztent  by  making  suitable  adjustments.  In  t^omc  cases  it  may  happen  that 
rliming  i&  an  advantage. 

In  apite  of  the  frequent  attempts  to  replace  etaraps  by  other  machines,  the 
idvEDtagcs  of  the  former  m  greatly  exceed  their  disadvantages  that  their  con- 
inued  use  for  gold  extraction  is  quite  certain,  es^pecialiy  for  hard  and  free-mill- 
ng  ores;  though  for  some  ores  other  processes  are  more  suitable. 

BlBLIOOftAPSY   FOB  GbaYITY   STAMPS, 

artides  on  gravity  stamps  giving  dea€ription»  coiuiiients  on   running,  figures 

fepmeity.  wettr.  etc.,  will  be  found  in  the  books  of  the  following  author&; 
BilliAr^,  U.,   (1896),  "Mech.  Aufbereitung/'  Vol,  1.,  pp.  90,  99. 
'Oillon.  .K.   (1886),  "Mining."  VoL  111.,  p.  38. 
Davie*,  D.  C-,   (1886),  ^'Metal  Win,  &  Mining/*  p,  353, 
4.   Davl^.  E.  M.,   (1894),  *'Mach.  Metal.  Mines.*'  pp.  248.  359,  370,  388. 
~    Kglt'Mou,  T..    (1887),  "Metallurgy."  Vol.  I.,  pp.   26,   162,  218. 
\Jbid.,   (1890),  Voh  11..  pp.  360,  422, 
iE4«*lcr,  M.,    (1896),  "MeUllurgy  Gold,"  pp.  23,  74,  86,  92,  95,   102,  118,  129,  416, 

623,  629. 
'rf^d..   fl89U,  "Metallurgy  Silver,"  pp.  32,  47,  93,  115,  207. 
i\  Le  N.,  (1894),  *'Ore  and  Stone  Mining,**  p.  548. 
humnn,  M.  F.,    (1864),  *'Aufb€reitung,*'  Vol,  L,  p.   15^ 
ibid.,   (1872),  Vol.  n„  p.  631. 

Ofiupilli^rtv  Hftlon  de  la,  (1883),  ^^Exploitation  des  Mines/'  Vol.  II.,  p.  701. 
Hunt.  R.,  (1884),  ''British  Mining,*'  p.  724. 

IKing,  Clarence,   (1870),  "Geol.  Exp.  40th  Parallel,"  Vol.  111.,  pp,  195,  206,  266,  648, 
I       574. 

jKirhchner,  L.,   (1898).  ^'Erzaufbereitung,**  Part  I.,  p.  73. 
Kwuhardt,  VV.  B.,   (1893),  **Orc  Dregsing,"  p.  46, 
Linkt-ntiAcb.  a,  (1887),  '*Aijfberi'itnng  der  Erze,"  p.  35. 
Ujr^k    A.  a.  (18821,  **Oold.*'  p.  1000. 

M,,   (1894).  *'Gold  Milling."  pp.  88,  108,  249,  479. 
J.  A.,   (1887).  ••Metallurgy/'  pp.  701,  773. 
HI  »ri.  T.  A..   fl8ti7l,  '"St^mp  Milling."     (A  tHjUootion  of  articles  which  ap|>eared 
in  the  Efiff,  d  Min.  Jour.,  by  the  same  author.) 
JtiiUnger,  P.  R-  von.   (1867),  "AufbereitungBkunde,"  p.  58. 
tM,    (1870),  '*Ers.tpr  Naohtrng,"  p.   14, 
fft^rf..    flH73),  "Zweiter  Nachtrag,"  p.  3. 
Row,  T.  K.,   (1894),  "Gold/*  pp.  90.  99,  184,  435. 

Smith*  Oberlin,    (1896),  "Press  Working  of  Metals."     This  book  gives  information 
on  punching;  screens  and  discusses  the  question  of  gauges. 
tr.  Zirkler,  IT.,    M895),  in  Berg.  u.  Hiittenwtsen  des  0b€rharze9,  p.  219.    Details  and 
mparities  of  stamps  at  Clausthal. 

^.  Am,  /nil.  Mif^    *^"-    Vol.  I.,  (1871),  n.  40.      R.  W.  Raymond.     Elaborate  diecuBsion 

of  the  well  and  height  of  drop  which  gives  the  greatest  elSciency  in  tons 

iTUiihfH]  p*  r  i'Hwer. 

Jl.  MW.,    Veil.    11. ,    nH74),    p.    159.     J.    M.    Adimisi,     .^dvantapts    of    preliminary    fine 

cntffhmtr   find   of   hand    feeding.     Details  of   ntanipn   at   O^^yhee   wet   silver   mill. 

T  of  tnsido  iinialgamation. 

^  fhi  1H77),  p.  470.     J.  C.  F.  Randolph.     Details  of  stamps  at  Clausthal. 

II  /bir .    \in.    \iu>,    (1880),   p.   3tf2.     R.   H.   Richards.     8omc  directions   for   fanning 
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32.  Ihid,,  Vol.  IX.,  (1880),  p.  84.     H.  S.  Munroe.     DiscuBsion  of  the  efficiency  of  steam, 

pneumatic,  and  gravity  Htanips  as  pfTeoted  by  the  weight,  speed,  height  of  drop, 
and  area  of  discharge. 

33.  Ihid,,  p.  420.     E.  Clark,  Jr.    Details  of  stamps  with  rectan^lar  stems,  with  round 

steins  and  with  upon  stems  at  Przibram,  Bohemia,  all  using  stay  battery. 

34.  Ihid.,  p.  046.     T.  Eglcston.     Causes  of  failure  of  gold  to  amalgamate  in  stamp  mill. 
Sf).  Ihid.,  Vol.  X.,   (1881),  p.  87.    A.  J.  Bowie.  Jr.    Details  of  frame,  stamp,  mortar, 

etc.,  at  the  Father  de  Smet  mill  in  the  Black  Hills. 
30.  Ihid.,  Vol.  XI..  (1882),  p.  21).    A.  N.  Rogers.    Discussion  of  the  Colorado  and  Cali- 
fornia systems  of  stamping. 

37.  Ihid.,  p.  91.    W.  L.  Austin.    Details  of  stamps  at  Harshaw  and  Charleston  milli, 

Arizona. 

38.  /bid..  Vol.  XII.,  ( 1883) ,  p.  379.    T.  Egleston.     Effect  of  stamping  on  particles  of  gold. 

39.  Ihid.,  Vol.  XIII.,  (1884),  p.  114.    C.  A.  Stetefeldt.    Stomps  are  compared  to  Krom'i 

rolls  with  respect  to  original  cost  and  running  cost. 

40.  /&td..  Vol.  XVII.,  (1889),  p.  498.     H.  O.  Hofman.    A  very  full  detoiled  description, 

including  dimensions^  of  Homestake  and  other  mills  in  Black  Hills.  Fiffures 
on  capacity,  wear,  costs,  labor,  losses,  etc.,  are  given,  together  with  details  of 
operation. 

41.  Omitted. 

42.  Ibid.,  Vol.  XX.,   (1891),  p.  324.    H.  Louis.    Description  of  a  very  crude  stompbig 

machine  used  by  the  Chinese. 

43.  /bid..  Vol.   XXII.,    (1893),   pp.   321,   054.    J.   Douglas.    History.    Comparisons  of 

Colorado  and  California  systems  of  stomping. 

44.  Ibid.,  Vol.  XXIII.,   (1893),  pp.  137,  545;  also  Vol.  XXIV.,  p.  809.     T.  A.  RickanL 

Discussion  of  Colorado  and  California  systems  of  stamping,  with  comwrntive 
figures  on  details,  capacities,  costs,  extractions,  losses,  etc.  Life  of  different 
materials  for  wearing  parts.  Concentration  previous  to  stomping.  Effect  of 
hammering  the  gold.  Crystollization  of  stomp  stems.  Effect  and  remedy  for 
acid  water. 

45.  Ibid.,  Vol.  XXIV.,    (1894),  p.  208.    E.   R.  Abadie.    Detoils  of  stamps  at  North 

Stor  mill.     Life  of  wearing  parU. 
40.  Ibid.,  Vol.  XXV.,    (1895),  p.   130.     W.  S.  Morse.     Detoils  of  stomps,  mortors  and 
plates,  for  a  mill  of  the  Colorado  type  in  Arizona.    Wear  of  screens,  shoes  and 
dies.     Capacity  and  water  used. 

47.  Ibid.,  p.  001.    II.  B.  C.  Nitze  and  II.  A.  J.  Wilkens.    History  and  detoils  of  stamps 

of  several  mills  in  southeastern  part  of  the  United  Stotes. 

48.  Ibid.,  p.  900.     T.  A.  Rickard.     Details  of  stomp  mills  in  Black  Hills  and  at  Graia 

Valley,  C-al.,  with  figures  on  costs,  wear,  losses  and  extraction. 

49.  Ibid,,  Vol.  XXVIII.,   (1898),  p.  355.     U.  Louis.     Discussion  of  efficiency  of  gravity 

stomp,  as  shown  by  Morison's  experiniento  published  in  ^.  E,  Coast  Inat.  Eng.  d 
Shipbuilders,  Vol.  XIII.,  (1897). 

50.  Ibid.,  Vol.  XXVIII.,    (1898),  p.  553.     W.  J.  Loring.    Description  of  stomps,  with 

adjustments,  capacity,  power  and  resulto  obtoined  in  the  Utica  mills.  Angels 
Camp,  Cal. 

51.  Ann,  des  Mines,  Series  VI.,  Vol.  XIX.,   (1871),  p.  294.    A.  Henry.     Description  of 

old  tvpcs  of  stomps  with  adjustments  used.    Comparison  with  rolls. 

52.  Ibid,,  Series  VII.,  Vol.  VI.,    (1874),  p.  8.     P.  L.  Burthe.    Detoiled  description  of 

stomp  batteries  used  in  the  Unitea  Stotes  for  wet  and  dry  crushing  of  silver 
ores  and  adjustmento  of  the  same.  Figures  on  power,  capacity,  wear,  etc,  are 
given. 

53.  Ibid.,  Scries  VIII.,  Vol.  IX.,   (1880),  p.  282.    A.  Thirfi.    Theoretical  discussion  of 

the  curves  of  cams. 

54.  Ibid,,  Vol.  XL,  (1887),  p.  225.    A.  Third.    Supplementory  note  to  preceding  refer 

ence. 

55.  Austr,  Inst,  Min.  Eng,,  Vol.  V.,   (1898),  p.  81.    H.  Rosales.    Table  of  adjnstmeBtB 

of  stamps  in  Victoria  and  discussion  of  the  running  of  a  stomp  mill. 
50.  Ibid.,  p.  124.    W.  H.  Vale.    Discussion  of  the  various  adjustmento  to  be  used  and 
arrangement  of  stomp  mill. 

57.  Ibid.,  p.  218.    T.  White.     Improved  buffer  for  ore  feeders. 

58.  Berg.  u.  Iliitt.  Jahrb,,  Vol.  XXX.,  (1892),  p.  1.    J.  Habermann.    Compares  the  re- 

sults obtoined  by  graded  crushing  and  washing  on  Przibram  ore  with  tnose  obtoiMd 
by  fine  stamping  and  washing  both  with  respect  to  cost  and  extraction  of  metal. 

59.  Ibid.,  p.  14.    J.  Habermann.    Resulto  obtoined  by  varying  the  different  adjnstmcnli 

in  the  stomp  mills  at  Przibram. 

60.  Berg.  u.  HUtt,  Zeit.,  Vol.  XXIX.,   (1870),  pp.  233  ef  #09.    A.  Reicheaedur.    D^ 

scription  of  parto  of  California  stomp  battery  in  detail  with  dinMmaioBiy  will 
notes  OB  running  and  resulto  obtoined. 
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^c»!.  XJtX!.,    (1872),  pp,  373,  445.     E.   np»»erli.     Detailed  fiescription  of  the 
Btiitnpg  in  ibo  on*  dressing  worka  at  Falun  in  Sweden. 
thid^.  Vol.  XXXIL,    (1873),  p.   il.     Meinicke.     Det^iiled  description  of  iron  Btampa 

at  Ct»u«thjil  »ud  voiitpurison  with  thi'  old  wooden  stamps. 
I5id^   Vol.   XL.,    11881),  Y),    lUl,     J.   Xlftbermann.     Abstiact   from   OesL   Zetf.,   Vol, 

XX\aiL,  p.  325, 
thid,.  Vol.  XLVI.>    (1887K  p.  437*    A.  Thiri?.    Similar  to  Ann.  dea  Mtne»,  S.^riea 

VIIL.  Vol.  IX,    p,  282. 
/Wrf  .  Vol  XLVIL,    (1888K  p*  342.     Capacity  of  and  sizea  produced  by  stamps  at 

fi  from  OciiL  Ztit.,  Vol,  XXXVI.,  p,  229. 
|/fti  ill.,    (ISbU),  p.   167.     No  author.     Same  ae  ZeiL  B.  H.  i*.  8.,  Vol. 

Xaav  1.,  p,  •i45. 

[I6«(f*»   Vol.   L.,    (1891)»  p.   40d.    T,   Rauft.     Description  of  a   screw   tappet   and   a 

hallow  guide  filled  witn  tallow  used  at  the  Mount  Biachof  tin  mines  in  Tasmania. 

\  ihid^  Vol.   LJir,    (18!M)»  p-   253,     R.   Helnjhacker.     Discription   of   stamp   running 

on  JtoeJi  system,  that  la,  discharging  over  an  inclined  plane  with  no  acreen.     Also 

m  description  and  dimensions  of  the  parta  of  a  California  stamp  with  figures  on 

capacity,  power  and  water. 

ihid.p  Vol.   LVLj    (1897),   p.    340.     B.   Knoohenhauer.     Figures   on   the   dimenBions 

mnd  adjustments  of  California  stamps  with  capacity. 

Bur  'j.,1  Min.,  Series  IL.  Vol.  I.,  (1872),  p.  1»7.     G.  Clerc.     History  of  stampa 

i  ractice  at  that  time  in  various  sections  of  Europe. 

!  ihi.  .  II.,  Vol.  IX„   (1880),  p.  583,     M.  F,  Coignet,     A  very  complete  article 

i|.  -  r  iiiE!-'  the  various  parts  of  a  California  battery  in  detail,  and  discussing  the 

cif    f-:  L't   the  various  adjustments  on  capacity,  etc.     Table  of  details  from  sev- 

I   California  milK    Cost  of  building  and  cost  of  running  stamps  is  given  la 

dtUll. 

Tt.  C^h  BulL,  A'o.  <J,   (1895),  E,  B.  Preston.     General  article  on  stamping. 
J3.  QaL  Sep.,  Vol.  VI.,  Part  IL,    (1880),  p.  88.     No  author.     Weights  of  parts  for  6 
ABil    lO'Stamp  gold  mitls.    Specitications    for    10   and   20*stamp   gold   and   silver 
niiUa. 
ilid^  Vol.  Vin..  (1888),  p.  696.     J.  II.  Hammond.     Description  of  parts  and  notes 

on  adjustments  of  stamps.     Specifications  for  a  40*stamp  mill. 
C««.  Ifirt.  Rei\,  Vol.  XIV.,   11805),  p.  84.     Same  as  .1.  L  ,U.  t\,  Vol.  XXIII.,  p.  545. 
t^id^,  p.  182.     W.  S.  Morse.     Some  as  A.  L  M,  E.,  Vol.  XXV,.  p.  130. 
thid.,  V'ol  XV.,  (18D6),  p.  60.     F.  Hille.    Short  discussion  on  the  weight  and  height 
of  drop  of  atamps. 
TSw  ihid^  p.  255.     J.  B.  Hobson.     Cost  of  mining  in  cement  grave)  millB. 
7%,  fWd-,  vol.  XVI.,    (1897),  p.  160.    J.  E.  Hardman.    Several  notes  on  the  construc- 
tion and  running  of  a  stamp  mill. 
WK  tbkL^   p.    165.     H.   W.    DeCourteney.     Discussion   of   properties   of   different   metals 

fend  tlieir  applicability  for  the  various  parts  of  a  stamp. 
il.  Col[.  Enff.,  Vol.   XVL,    (1805-6),  p.    136.     No  author.     Description  of  the   Blanton 
mm* 
Thi^  .  Vol    XVn.,   (1896-7),  pp.  156,  263,     IL  Van  F.  Funnan.     General  article  on 
Living  detailed   description  of  parts,   adjustments,   etc.,  and   comparing 

a   and  Colorado  practice. 

;i».     No  author.     Advantages  of  soap  as  a  lubricant  for  stamp  stems. 
.  356.     Aljstract  from  A.  f.  M,  E.,  Vol.  XXV.,  p.  90tJ. 
ttni.»   (1873),  p.  345. 
Vol.  LXXIV.,  (1897),  p.  890.     H,  A.  Gordon.     An  outline  of  the  development 
of  tli«  modem  stamp. 
}.  Bfkfine^^nQ,  VoL  XXX.,    (1880K  pp.   19,  85,   163,  255.  338.     T.  Egleston.     A  very 
complete  article  pving  detailed  description  and  dimensions  of  the  various  parts 
of  the  stamp  mill,  together  with  discussion  of  the  best  method  of  running  and 


fifrurt'S  i>n  raiiacity  and  wear. 

/W.".  Vol.   XLIir,    (1887).  p.   128. 

balUry  having  an  iron  frame. 


No  author.     Short  description  of  a  ten-stamp 


xolnry  frintii|i  inlllt  in 


MI.,    (IH89),  p.   226.     No  author.     Outline  of  stamp  mill   of  West 
Ul  Co.,  having  an  iron  frame  battery. 
(1893).     No  author.     Outline  and  capacity  of  mill  of  Orion   Co» 

XT..   (1896),  p.  461.    Disctiesion  of  development  of  atamps,  and  of 
rnpe  in  most  eeonomipal  way. 
-),  p,  401.     H.  H.  Webb  and  Pope  Yeatman.    Details  of  stamp 

u    vfrii'ii      ■  '       ■  iiftmentft,  capacity,  etc. 

Vol    i  ),  p.  17      No  «ulhf>r.     DescripUoiv  ol  Wo^V^Tv^'a 


^tampii  arc  arranged  in  a  cVtcXe  ai\^  at^  \\V\.fA 
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by  a  revolving  cam  in  the  form  of  a  cylindrical  surface  cut  so  as  to  give  a  slow 
rise  and  an  unhindered  fall. 

94.  Ihid.,  Vol.  XV.,  (1873),  pp.  193,  225.     No  author.    Description  of  various  forms  of 

mortars. 

95.  Ibid.,  p.  241.    Wm.  Main,  Jr.    Theoretical  discussion  of  the  effect  of  velocity  upon 

efficiency  of  stamp  blow. 

96.  Ibid,,  Vol.  XVII.,   (1874),  p.  306.    J.  M.  Adams.     Same  as  A.  /.  M.  B.,  Vol.  IL, 

p.   159. 

97.  Ibid,,  Vol.  XXL,  (1876),  p.  79.     No  author.     Discussion  of  losses  in  stamping. 

98.  Ibid.,  Vol.  XXIX.,    (1880),  p.  271.     R.  H.  Richards.    Same  as  A.  /.  if.  B.,  VoL 

VIII.,  p.  362. 

99.  Ibid.,  Vol.  XXXI.,    (1881),  pp.   177,   193.    H.  S.  Munroe.    Same  as  A.  /.  M.  £., 

Vol.  IX.,  p.  84. 

100.  Ibid.,  Vol.  XXXII.,  (1881),  p.  251.    F.  A.  Lowe.    A  few  details  of  sUmps  at  Silver 

Islet  mill. 

101.  Ibid.,  Vol.  XXXIII..   (1882),  p.  209.    No  author.    Description  of  Hendrie  ft  Bolt- 

hoff  portable  live-stamp  mill. 

102.  Ibid.,  Vol.  XXXIV.,  (1882),  p.  296.    A.  N.  Rogers.    Same  as  A.  I.  M.  E.,  Vol.  XI., 

p.  29. 

103.  Ibid.,  Vol.  XXXVI.,    (1883),  p.   182.    No  author.     Details  of  stamps  in  Australia 

giving  capacity,  power,  costs,  losses,  etc.,  in  various  districts. 

104.  /6m.,    p.    213.     No    author.    Describes    Hallidie's    corrugated    battery    screens   for 

stamps. 

105.  Ibid.,  Vol.  XXXIX..    (1885),  p.  294.    C.  A.  Stetefeldt.    Figures  on  capacities  and 

sizing  tests  with  dry  crushing  stamps. 

106.  Ibid.,  Vol.  XLIII.,   (1887),  p.  115.     No  author.     Description  of  iron  frame  battery. 

107.  Ibid.,   Vol.    XLV.,    (1888),   p.    397.    No   author.    Details   of   stamp    mill    in  New 

Mexico. 

108.  Ibid.,  Vol.  XLVIII.,   (1889),  p.  140.     C.  H.  Aaron.    Figures  showing  the  effect  of 

different  weights  of  stamps  and  different  screens  upon  the  efficiency  of  the  stamp. 
Other  details  of  construction  and  running. 

109.  Ibid.,  Vol.  LIV.,  (1892).  pp.  81,  107.     Description  of  Bally  balanced  cam  which  hu 

two  arms  not  in  the  same  plane  which  lift  two  stamps,  between  which  it  is  placed. 

110.  Ibid.,  pp.   198,  222,  245.     T.  A.  Rickard.     History  and  details  of  construction  and 

running  of  stamp  mills  in  Gilpin  County,  Colo.,  with  capacity,  extraction,  losses, 
etc. 

111.  Ibid.,  pp.  534,  558.    T.  A.  Rickard.     Full  details  of  stamp  mills  at  Thames  in  New 

Zealand  with  comments  on  the  process  used. 

112.  Ibid.,  p.  629.     II.  Louis.     Abstract  of  .1.  /.  M.  E.,  Vol.  XX.,  p.  324. 

113.  Ibid.,  p.  632.     T.  A.  Rickard.     Discussion  of  present  condition  of  stamp  mill. 

114.  Ibid.,  Vol.  LV.,    (1893),  pp.  78,  101.     T.  A.  Rickard.     Full  details  of  stemp  mills 

at  Clunes,  Victoria,  with   comments  on  process. 

115.  Ibid.,  up.  222,  247.    T.  A.  Rickard.     Full  details  of  stamp  mills  at  Otago,  New  Zea- 

lana,  with   comments. 

116.  Ibid.,  pp.  389,  416.     T.  A.  Rickard.     Full  details  of  stamp  mills  at  Ballarat»  Vi^ 

toria,  with  comparisons  and  comments. 

117.  Ibid.,  pp.  534,  560.    T.  A.  Rickard.     Full  details  of  stamp  mills  at  the  Ovens,  Tit- 

toria,  with  comments. 

118.  Ibid.,  Vol.  LVI.,    (1893),  p.  51.    T.  A.  Rickard.    Discussion  of  the  end  discharge 

mortar  and  screens  of  the  Harrietville  mill. 

119.  Ibid.,  p.  317.     T.  A.  Rickard.     Table  of  shoes  and  dies  used  in  different  districts 

giving  materials,  weights,  costs  and  life.     Discussion  of  the  same  and  of  the  besl 
materials  and  conditions  for  minimum  cost  per  ton  crushed. 

120.  Ibid.,  pp.  639,  663.    T.  A.  Rickard.     Full  details  of  stamp  mills  in  Amador  County, 

Cal.,  with  comments. 

121.  Ibid.,  Vol.  LVII.,    (1894),  pp.   101,   128.     T.   A.  Rickard.    Table  giving  details  of 

stamps,  screens,  capacity,  water  used,  results  obtained,  etc.,  in  six  districts  in 
Australia. 

122.  Ibid.,  pp.  174,  198.    T.  A.  Rickard.     Full  details  of  stamp  mills  at  Bendigo,  Ant* 

tralia,  with  comments. 

123.  Ibid.,  p.  227.    No  author.    Description  of  Blanton  cam. 

124.  Ibid.,  pp.  460,  486,  511.    T.  A.  Rickard.     Full  details  of  stomp  mills  at  Grass  Valley, 

Cal.,  with  commento. 

125.  Ibid.,  p.  535.    E.  E.  Olcott.    Same  as  A.  /.  M,  E.,  Vol.  XXIII.,  p.  649. 

126.  Ibid.,  p.  604.    T.  H.  Leggett.    Comparative  testo  of  plate  and  wire  screens  with 

respect  to  slimes  produced  and  clogging. 

127.  Ibid,,  Vol.  LVIII.,   (1894),  p.  33.    No  author.    Deseriptioii  of  Hendrie  and  Bolt- 

hofTn  improved  mortar. 
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l»  IMii.,  p.  489.     F,  M.  ntnkp.     Dctiiilg  of  tlte  Wriitworlh  Gold  Fields  Fropriotary  Co. 

•tAHipA   At    N»'\v    Si»n(h    Waleji^   AtiAtruliii.     Cap^icily,     Wear.     Mercury    used    and 

r«»ull8  obtained. 
tS^  n>id.,  i*.  505.     No  iiuthor.     CommenU  on  the  Newton  mortar  and  on  the  Colorado 

and  California  systemB  of  milting. 
liOL  ihid^^  p.  511.     h\  T.  Snyder.     Description  and  dimensiona  of  the  single  discharge 

mortar  used  at  the  Newton  mill,  Colorado. 
131. /6iij^  Vol.  LIX,    (1HI>5),  p.  243.     T.   A.    Kiekiard.     Discussion  of  the   difference  in 

aajafttments  between  fiUimpe  running  under  the  Colorado  system  and  tiiose  running 

under   the  Califomin   fiysteni. 
132,  tbtd.^  p.  yj2.     No  author.     Dej^cription  of  Suckling's  double  discharge  mortar  for 

dry  stamping.     Mortar  is  made  air-tight  with  hoods  over  the  screens  and  air  is 

forced  in  the  top. 
laX  ibid..  Vol.  LX-,    (1803).  pp.  221,  247.     T;  A.   Rlckard.     Full  details  of  the  stamp 

mills  »JJ  the  Black  Hills  district,  with  comments. 
ISi.  ibid.,  pp.   37  h   397.    T,  A.   Rickard.     Discussion   of   the  adaptation   of  stamps   to 

different  purposes. 
135.  itid,,  p.  415.     K.  B.  Wilson.     Discussion  of  the  adaptation  of  stamps  for  crushing 

preparatoTT  to  different  processes. 
I3llw  fhid.t  Vol,  LXL,  (I896K  p.  541,     No  author.     Description  of  a  stamp  battery  frame 

built  up  of  wood  and  iron  for  raule*back  transportation. 

137.  ibid.,  p.  615.  H.  G.  Brown.  Details  of  staitips  with  wear  and  adjustments  at 
Bodie,  CaK 

138.  ibid,.  Vol.  LXII.,  (1896 ^  p.  242.     Editor,     Condemnation  of  the  tise  of  gauge  num- 
brrs  (or  wire  instead  of  giving  the  exact  sixe  in  inillimeti^rs  or  inches.     Also  con- 
demns the  giving  of  meshes  instead  of  the  exact  size  of  the  hole. 

139.  ihid.^  n.  319.  B.  McDonald.  Details  of  stamps  at  Gibbonsville,  Idaho.  Costs  of 
mil  ling.    Results  obtained. 

I40l  ihid.,  p.  410*  Editor,  Advocating  the  designation  of  the  sizes  of  wire  in  inches 
or  millimeters^  as  the  American  Steel  Manufacturers'  Association  has  done. 

141.  ibid>.  Vol.  LXVL,  (1898),  p.  217.  F.  F.  Sharpless.  Recommends  making  the  ends 
of  tappet  keys  of  steel. 

142.  Q^^f  Civil,  Vol.  XXIII.,  (1803),  pp.  19f»,  201.  P.  F.  Chalon.  Short  description 
of  stamps  and  discussion  of  their  application, 

143.  ibid..  Vol.  XXV,,  (1894),  p.  It34.  P.  Fcrrand.  Figures  on  capacity,  wear  and  cost, 
•bowing  advantages  of  California  stamps  over  Brazilian  at  Ouro  Preto,  Brazil, 

144.  inai.  Civ,  Eng„  Vol,  CVIIL,  (1892),  p.  97.  A.  H.  Curtis.  Short  description  of 
gravity  stamps,  giving  the  effect  of  the  various  adjustments  on  capacity.     List 

^m  of  advantages   and   disadvantages.     Description   of    Harvey's    stamp   with   second 

^^k  set  of  cams  for  accelerating  the  fall,  of  Hope's  conipound  battery  with  two  rows 

^^^^^  of  stamps  in  one  mortar,  and  of  Huntington  oscillating  stamp,  in  which  a  heavy 
^^^^H  {>lece  liice  an  inverted  U  is  made  to  strike  first  on  one  prong  and  then  on  the 
^^^^^F     other.     Different  members  discuss  quality  of  crushing,  etc. 

^■iS^/^^.,  Vol.  CXrV..    (ISOSy,  p.    136.     M.   B.   Jamieson  and  J.  Howell.    Weight  and 
BB^         dr<«»  of  Btaiiips  at  Broken  Hill,  New  South  Wales. 
^1^  ttvm.  Vol.  11. ,    (1873),  p.  552.     No  author.     Description  of  Walker's  stamp,  which 
hAS  double  cam.  lifting  on  both  sides  at  once. 
1€7.  Ihid,,   Vol.   XXXVr.    (1890).   p.   445.     No   author.     Description   of    Harvey's   high 
Speed  stamp,  which  has  a  set  of  secondary  cams  to  accelerate  the  fall  of  the 
stamps. 

148.  K^mtmrr  Zeit,,  Vol.  X.,  p.  219. 

149.  Mm,  ind,.  Vol.  III.,  (1894),  p.  .309.  L.  Janin,  Jr.  The  various  parts  and  adjust- 
ments of  a  battery  are  considered  in  full  detail.  Various  directions  for  running 
the  mill  are  given. 

150.  lb4d..  Vol.  IV..  (1895),  p.  319.  T.  A.  Rickard.  Discussion  of  stamp  milling  in 
different  districts  of  the  United  States^  Australia  and  New  Zealand,  including 
varintions  in  costs,  wear,  weight  of  stamps,  height  of  drop,  depth  of  discharge, 
(kcr»'en*,   etc, 

ISU  Min.    -  ■'-     ^>>l  XLI.,   (1871).  p.  700.     No  author.    Advocating  an  air  exhaust  in 

dr  c. 

lis.  ibid,  il„   (I872)»  p.  169.    No  author.     Describes  a  mortar  with  discharge 

cvit  all   four  sides. 

153,  fbid,,  n.  652.  Instead  of  a  fine  screen,  a  coarse  screen  is  recommended  with  a  ffne 
Hmiting  troi  irate  from  the  stamp. 

154.  ibid^  p.  687.     '  a  new  elnrnp. 
li&.  ibid^  p.  997.     So  rniitjnr.    Describes  Walker's  stamp,  which  has  double  cam  lifting 

on  both  sides  of  tappet  at  once. 
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156.  Jhia.,  Vol.  XLTTT.,  (1873),  p.  1060.    No  author.    Description  of  method  to  prevent 

Bliniing  by  wafihing  the  fine  ore  off  the  die. 

157.  Ihid.,  Vol.  XLIV.,    (1874),  p.   1049.    J.  T.  Rodda.    Description  of  a  new  form  of 

stamp. 

158.  Iftn.  8oc.  N.  Scotia,  Vol.  I.,  Part  2,   (1892),  p.  34.    J.  E.  Hardman.    Description 

of  Oldham  and  Wayerly  mills,  giving  frame,  mortar  block,  mortar,  details  of 
stamps,  capacity  and  costs. 
169.  Omitted. 

160.  Min.  d  8ci,  Press,  Vol.  XLIV.,    (1882),  June  24.    M.  Atwood.    Result  of  micro- 

scopic examination  of  pulp. 

161.  Ibid.,  Vol.  XLIX.,    (1884),  (October  4.    Description  of  an  improved  battery  screen 

which   is  made  double. 

162.  Ibid.,  Vol.   LIT.,    (1886),  p.    157.     No   author.     A   few   remarks   on   the   height  of 

drop,  the  height  of  discharge,  the  weights  and  proportions  of  stamps. 

163.  Ibid.,  p.   238.     No  nutlior.    Results  of  tests  on  light  and  heavy  stamps  and  on 

single  and  double  discharge. 

164.  Ibid.,  p.   421.     No   author.    Weight  and   height  of  drop  of  stamps   and  sizes  ol 

screens  in  mills  crushing  cement  gravel. 

165.  Ibid.,  Vol.    LllL,    (188G),   p.    181.     No   author.    Costs   of   milling   by   stamps  at 

several  mines  is  compared  with  the  cost  by  Huntington  mill. 

166.  Ibid.,  Vol.  LV.,  (1888),  p.  18.     W.  C.  Stiles.     An  article  in  which  the  disadvantagw 

of  stamps  are  set  forth,  which  the  author  claims  to  be  overcome  by  the  Stila 
pulverizer. 

167.  Ibid.,  p.   246.    No  author.    Discussion   of   the  amount   of  attrition   produced  by 

stamps. 

168.  Ibid.,  p.  325.     No  author.    Application  of  stamps  to  soft  ores  compared  to  that  of 

roller  mills. 

169.  Ibid.,  p.  425.     No  author.     Figures  showing  loss  of  time  in  running  stamps. 

170.  Ibid.,  Vol.  LIX.,    (1889),  p.  89.       W.  A.  Newcum.    DeUils  of  stamps  and  dimen- 

sions of  frames  in  the  Amador  mill. 

171.  Ibid.,  p.   128.     No  author.     Details  of  stamps,  wear,  cost,  and  results  obtained  at 

Smyth  mine  in  Angels,  Cal. 

172.  Ibid.,  Vol.   LX.,    (1890).  p.   169.    H.  O.   Hofman.    Description  of  Homestake  and 

Caledonia  mortars  taken  from  A.  /.  M.  E.,  Vol.  XVII.,  p.  498. 

173.  Ibid.,  Vol.  LXI.,   (1890),  p.  158.     No  author.     A  device  for  hanging  up  stamps. 

174.  Ibid.,  Vol.  LXIL,   (1891),  pp.  226,  274,  354.    A.  B.  Paul  and  others.     Discussion  of 

loss  of  gold  by  action  of  stamps.     Results  of  tests. 

175.  Ibid.,   Vol.    LXVI.,    (1893),   p.    84.     No   author.     Description    of    Bally   cam.    8ee 

E.  d  M.  J.,  Vol.  LIV.,  pp.  81,  107. 

176.  Ibid.,  p.   386.    No  author.    Details  of  stamps  in   Standard  Consolidated  mine  of 

Bodie,  Cal..  with  capacity,  cost,  and  results  obtained. 

177.  Ibid.,  Vol.  LXVII.,    (1893)*,  p.  83.     No  author.     Weight,  and  height  of  drop,  size 

of  screen,  capacity,  and  cost  in  a  mill  stamping  cement  gravel. 

178.  Ibid.,  p.    133.     J.   Thomas.     Details   of   California    stamps   used    in   Cornwall,  and 

their  advantages  over  Cornish  stamps  in  capacity  and  coal  consumed. 

179.  Ibid.,  p.   193.     No  author.     Description  of  ball-bearing  guides. 

180.  Ibid.,  pp.  214,  229.     T.  A.  Rickard.     Same  as  A.  /.  if.  E.,  Vol.  XXIII.,  p.  137. 

181.  Ibid.,  p.  262.     C.  P.  Stanford.     Story  of  the  first  California  rotating  stamp  mill 

with  outline  of  later  improvements. 

182.  Ibid.,  p.  405.     No  author.    Note  of  an  old  Grass  Valley  mill,  the  second  constructed 

in  California. 

183.  Ibid.,  Vol.  LXVIII.,  (1894),  p.  133.     Same  as  A.  I.  M.  E.,  Vol.  XXIII.,  p.  646. 

184.  Ibid.,  p.  146.    No  author.    Description  of  iron  frame  battery  made  by  Union  Iron 

Works. 

185.  Ibid.,  p.  209.    No  author.    Comparative  results  obtained  from  California  and  Qf^ 

oraoo  systems  of  milling. 

186.  Ibid.,  p.  2G0.    A.  B.  Paul.    Discussion  of  California  and  Colorado  systems,  indnd^ 

ing  weights  of  stamps  and  losses. 

187.  Ibid.,  pp.  278,  294,  309.     Same  as  A.  /.  M.  E.,  Vol.  XXIII,  p.  645. 

188.  Ibid.,  p.  325.     No  author.    Description  of  Blanton  cam. 

189.  Ibid.,  Vol.  LXIX..   (1894),  p.  215.     No  author.    Description  of  mortar  made  by  B. 

P.  Allis  Co.  for  the  Morning  mill.     Single  discharge  with  front  and  back  plates. 

190.  Ibid.,  p.  241.     No  author.     Details  of  stamps  in  Eureka  Hill  mill. 

191.  Ibid.,  Vol.  LXX.,    (1895).  p.   376.     F.   S.   Pheby.    Discussion  of  various  forms  of 

battery  frames. 

192.  Ibid.,  Vol.  LXXI.,  (1895),  pp.  320  et  seq.    E.  B.  Preston.    Same  as  Oal.  Bull.,  No.  6, 

193.  Ibid.,  p.  357.    No  author.    Table  showing  variation  of  sizes  of  needle  gauge  lof 

screen  holes,  as  given  by  different  authorities. 
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Vol.  LXXir,,  (1»06K  p.  186*    No  author,    BescTiption  of  Reliance  self -tighten- 
caiii,  nhich  is  rery  similar  to  the  Blanton  cam. 
Vol.  LXXIll..  (1896),  p,  378.     C.  C.  Longridge.     DiacuBsion  of  probable  future 

dcvelopriietit  of  e tamps. 
ihid.,  n,  443.     No  author.     Description  of  the  triple  diBcharge  two-atamp  mill  made 

by  Josbua  Ilendy  Machine  Works. 
/ftirf,,  Vol,  LXXIV,    (1807),  p.  5,    J.  W.   Abbott     BiBCUBaion  of  best   practice  in 

niiiDing  a  stamp  mill  in  regard  to  height  of  drop,  heii^ht  of  discharge^  material 

of  gbopft  and  dies,  etc. 
ihid.^  p.   49.     Wasfott.     Comparative  capacity   of   slow   and   rapid   drop   stamps   in 

Cflitpin  County,  Colo.,  and  remarks  on  the  tendency  toward   the  liittor, 
ibui.t   p.    153.     Newell    &    Newell.     Advantages   of    fa  at   over    slow   drop    stamps    in 

capacity  and  amatgamation  at  the  Penn  mill,  Gilpin  County,  Colo. 
ib^d.,  p.  305.     R  A.  Parker,     Description  of  a  false  shoe  which  may  be  put  in  to 

restore  the  weight  of  the  stamp  as  the  true  shoe  wears.     It  has  a  shank  above 

to  fit  into  the  boss  and  a  socket  below  for  the  shank  of  the  true  shoe, 
Ibtrf.,  Vol.  LXXV.,  ( 1897),  p.  45.     No  author.     Illustration  and  advantages  of  differ- 

cut  forma  of  battery  frames. 
ibid,,  p.  505.     No  author.     Description  and  dimensions  of  a  concrete  mortar  block 

at  Oroville,  CaL 
ibid..  Vol.  LXXVIL,    <1898),  p.   160.    No  author.    Description  of  the  Globe  iron 

giiide  for  stamp  stems. 
y,  E.  Coast  Inst.  Eng,  d  Shipbuilders,  Vol.  XIII.,  April  30.  1897.     D.  B.  Morison. 

Descrintion  of  stamp  battery.     Discussion  of  indicator  cards  taken  to  show  velod- 

tiea  of  fitamp. 
"^orih  Emj.  fnst,  Min.  d  Mech.  Eng.,  Vol.  XLIII.,   (1893-4),  p.  3.     A.  G,  Charleton. 

Detolla  of  stamps  in  various  parts  of  the  world. 
Dc«f.  Zeif,,  Vol.  XXIl.,   (1874)»  p.  385.    J.  Habermann.     Details,  capacity,  etc.,  of 

9tampe  at  Przibram. 
Jhid,,  Vol.  XXVIIL,   (1880),  pp.  325,  335.     J.  Habermann.     Results  of  comparative 

U»lB  at  Przibram  on  iron  and  wooden  stamps. 
Ihid.,  Vol.  XXXVL,  ( 18S8) .  p.  168.     L.  Buchal.     A  few  details  of  sUmps  at  Przibram 

and  sizing  tests  of  pulp. 
ibid.,  p.  *120.    K.  von  Reytt.    Result  of  experimenta  made  to  determine  the  efiSciency 

of  etampe  expressed  in  terms  of  increase  of  surface  of  product. 
ibid,,  p.  45^.     C.  Earth.     A  few  figures  comparing  stamps  and  rolls. 
ibid.,  p.  507.     L,  Buchal,     Description  of  rope  driver  for  stamps  at  Przibram  and 

advuntagce  over  belt  drivers. 
ibid,.  Vol.  XXXVIL,  (1889),  pp.  563,  569.  578.    Translation  of  article  by  John  H. 

Hammond  in  Cal  Rep.,  Vol.  VIII.,  p.  696. 
fhid.^  Vol,  XXXIX..   (1891),  p.  519.     A.  Hauesner.     Mathematical  discussion  of  tha 

form  of  curves  for  cams  used  for  lifting. 
IW<i.,  Vol.  XLII.,   (1894),  p.  485,     J.  von  Hauer.     Description  of  the  Blanton  cam. 
iprwi.  Gold  and  /iilver  in  U,  S.,   (1880),  p.  350.     W,  A,  Skidmore.     Description  of 

Huntington's  oscillating  stamp  mill. 
ibidn,  p.  367.    J.  Richards.     Discussion  of  advantages  of  stamps  over  rolls  and  die- 

int^^grators.     Wet  versua  dry  stamping. 
ihid,,    (IBSl),  p.  563.    C.  G.   Yale.     Description  of   Huntington   oscillating  stamp 

milL 
fhid.,  p.  692.    J.  Richards.    Stamps  are  compared  with  other  crushers* 
fkid*t  M882h  p.  709.     (From  Min,  Jour.)     Description  of  stamps  invented  by  C.  J. 

Appleby. 
fbid,,  p.  737.     (From  Min,  d  Bci,  Press.)     Figures  on  the  amount  of  water  used  in 

battery. 
fluL,  11883).  p.  738.     C.  A.  Stetefeldt     Similar  to  A.  f.  M.  E„  Vol.  XIII.,  p.  114. 
Moigmond'a  Rep,,  (1870),  p.  657.     VV.  P.  Blake.     Detailed  description  of  the  parts  of 

•  »Ujnp  battery  and  of  the  battery  as  a  whole,     Uowland's  stamp  battery  (see  B. 

^  M,  y^  Vol.  IX-.  p.  17).     DetJiilB  of  several  stamp  mills  in  California,  Anatralia 

uad  Braxil.     Description  of  German  overflow  battery  and  Rittinger  stay  battery. 
fhid.,  (1871),  p.  339,     A.  Reirtienecker.     Same  as  li,  d  H,  Z.,  Vol.  XXIX.,  p.  233, 
nWAt  pi  880.    R.  W.  Raymond.     Same  as  4.  /.  Af.  E.,  Vol.  I.,  p.  40. 
rUiil.,  11872).  p.  32.     R.  W.  liaymond.     Description  of  Crocker's  atampa  which  act 

like  m  triphammer. 
FWd.,   (IH73),  p,  319.     G.  F.  Dectkrn,     Detailed  description  of  the  various  parts  of 

a  atanip  lmtt*'ry  with  the  m»thnil  of  ofteniting  and  costs. 
Jbid,^  p.  345.     W.  M»in,  «Tr.     nisruKhion  of  the  influence  of  the  velocity  of  impact 

OB  th^  effective  duty  of  stampa. 
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228.  /bid.,  p.  475.    R.  W.  Raymond.    Description  of  mortara  used  in  1871. 

229.  Ihid.,  (1874),  p.  408.    J.  M.  Adams.    Same  as  A.  /.  M.  E.,  Vol.  II.,  p.  150. 

230.  Ihid.,  (1876),  p.  419.    8.  K.  Krom.    CompariMm  of  stomps  and  rolls  with  respect 

to  the  slimes  produced  and  the  wear  and  imfi 

231.  Rev.  d€B  Mines,  Vol.  XXI.,  (1893),  p.  287.     L.  DBnuret.     Detoiled  description  of  old 

Cornish  stomps  and  modern  revolving  stomps  used  in  Cornwall.  Description  of 
flosh  system  of  discharge  and  of  high  speed  stomps,  using  secondary  cam  to  accel- 
erate the  fall. 

232.  Boh,  Mines  Quart.,  Vol.  V.,   (1883-84),  n.  359.    F.  D.  Browning.    A  few  deUils  of 

stomps,  wear,  and  cost  at  the  Providence  mill,  Nevada  City,  Cal. 

233.  Tenth  V.  8,  Census,  Vol.  XIII..    (1880),  p.  247.    General  article  giving  detoils  of 

stomps  throughout  the  United  Stotes. 

234.  Zeit.  Berg.  Hiitt.  u.  Salinenvoesen,  VoL  XXV.,  (1877),  p.  242.    No  author.     Results 

of  experimento  at  Clausthal  on  sterna  of  cast  iron,  wrought  iron,  cast  steel,  ami 
Bessemer  steel.    Also  the  effect  of  weight  of  stomps  on  capacity. 

235.  Ihid.,  Vol.  XXVI.,   (1878),  p.  67.    Koch.    Detoiled  description  of  stomps  used  in 

Comstock  mills. 

236.  Ihid.,  p.  139.     E.  Althans.    General  description  of  German  and  California  stamps, 

with  special  reference  to  designs  of  cam  curves.  Figures  are  given  on  capadiy, 
water  and  wear. 

237.  Ihid.,  Vol.  XXVIII.,    (1880),  p.  210.    C.  Hosier.    Short  description  of  stamps  fai 

Quincy  mill. 

238.  Ihid.,  Vol.  XXIX.,  (1881),  p.  270.    No  author.    Advantage  of  round  over  fonr-iided 
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239.  Ihid.,  Vol.  XXXVI.,  (1888),  p.  245.    No  author.    A  few  detoila  of  a  stamp  miU  at 
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CHAPTER  VI. 


PULVERIZERS  OTHER  THAN  GRAVITY  STAMPS. 


§  202.  Intboductoey. — In  treating  this  subject,  the  author  has  described 
ill  the  main,  niaohines  that  are  received  as  etandard,  but  he  has  also  added  some 
of  those  that  are  not  so  received*  The  former  are  given  to  show  present  practice, 
the  latter  as  information  to  inventors  and  others  desiring  to  know  what  such 
and  such  a  machine  is  like.  The  line  is  drawn  in  nearly  every  case  at  machines 
iriuoh  have  been  adopted  for  a  longer  or  shorter  time  in  some  mill.  The  Patent 
Office  records  contain  descriptions  of  many  other  machines  not  included  in  thiB 
dtapter. 

§  203,  PUBP06E* — There  are  two  chief  purposes  for  which  those  machines  have 
been  designed:  (a),  to  replace  gravity  stiimps  for  crut^hing  gold  ores  or  jig  mid- 
dlings  and  (fr),  for  grinding  soft  substances,  as  phosphates,  cement,  gypsum, 
talc,  etc 

In  comparing  the  different  fine  pulverisers  there  ore  several  qualities  that 
meed  to  he  considered;  they  arc:  Capacity,  cost  of  crushing,  the  brightening  of 
gold  preparatory  to  amalgamation,  ability  to  act  as  an  amalgamator  and  tend- 
ency to  form  slimes.  The  gravity  stamps  appear  to  stand  at  the  head  of  the 
lisl  for  all  cases  except  where  the  production  of  large  quantities  of  slimes  must 
be  avoided*  Machines  acting  on  the  roller  principle,  by  pressure  mainly,  make 
hm  ilimea  than  the  others,  particularly  if  they  have  a  free  discharge. 

The  distribution  of  the  machines  in  the  gold  quartz  mills  of  California  for 
the  years  1895  and  1896  was  as  follows:*  Gravity  stamps  were  used  in  551 
fitahlishments;  Arrastras,  in  lOS;  Huntington  mills,  in  43;  roller  quarta  mills, 
i4:  Tustin  pulverizers,  in  4;  Bryan  milb,  in  3;  Cannon  ball  mills  (ball  mills), 
3;  Griffin  mills,  in  3;  Dodge  pulverizers,  in  2  and  Kinkead  mills,  in  2;  total, 
^2X    This  li^  indicates  how  far,  in  the  State  of  California,  fine  pulverizera 
ire  succeeded  in  replacing  gravity  stamps. 

Pot  grinding  softer  materials,  as  phosphates,  cement  clinker,  etc,  the  fine 

ilverizers  are  standard,  the  gravity  stamps  not  being  used  for  these  purposes, 

^204.  Clabsiftcation. — The  machines  have  been   arranged   in   groups  or 

(see  Table  136),  according  to  their  mode  of  attack  upon  the  rock,  of 

ich  there  are  four  chief  principles:  (1)  abrading  or  true  grinding,  (2)  pres- 

(3)  blow  upon  an  anvil,  (4)  blow  in  space;  and  also  according  to  their 

constructioD. 

Tt^  ♦Tiicj  classification,  under  the  column  headed  ^Tlun,"  five  states  are  dis- 
Iti  d:   (1)  **I>ry,*'  that  is,  dry  or  onlv  very  slightly  moist,  as  mine  ore; 

\{Zi     ihick  pulp/'  that  is,  pulp  that  will  adhere  to  a  stick,  as  in  amalgamating 
i;  (3)  *"Thin  pulp,**  that  is,  liquid  pulp  like  cream,  which  runs  readily,  as  ^ 
in  ftD  arrastra;  (4)  "In  water,'*  that  is,  as  in  a  stamp  mill;  (5)  '*With  water/' 

Jhat  18,  with  a  stream  of  water,  as  in  rolls. ^ 

*  Compihd  trom  Ctd.  Bmp^  VoL  XHL 
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TABLE    136. — CLASSIFICATION    OP   FULVEBIZEB8. 

Machines  marked  with  an  asterisk « thus,*  are  described  later  in  the  text. 
Abbreriatioiis.— Cont.=continuou8;  In.=iiich;  Int.=intennitteDt;  L.=large8iae;  qtcsquaiti;  8.a 


Maidiine. 


Prindpte. 


Oftfi  , 


Run. 


Capacity 

S4  Hours. 
Tons. 


fi 


for. 


Cl^SB     I. 


Arrastim.* 


Howland  mill 
NaS. 


pan.' 


Horizontal  surfaces 
grinding  concentrically. 
Vertical  driving  shaft. 


Same  as  preceding,  with 
addition  of  vertical  sur- 
faces grinding  by  cen- 
trifugal force. 

Same  as  Arrastra 


Clean  up  pan.*  Same  as  Arrastra. . 


Usually 
stone. 


Iron. 


Iron. 


Iron. 


Thin  pulp. 


In  water. 


Thick  pulp. 
Sometimes 
thin  pulp. 


Thick  pulp. 


Int. 
Some- 
times 
Cont. 

Cont 


Int. 
Some- 
times 
ConU 


2  to  6  of  ore 

»4 

80  of  quarts 

40 

3  to  Oof  ore 

8-10 

ores  frouiK  indi 
to  100  mesh; 
Substitute  for 
■tampmilL 


Fine  grfauUiigaBd 
amalgamitlBs; 
usually  for  sflver 
orea,  from  40  to 
100  mesh. 

Fine  grinder  and 
amalgamator  for 
▼arioos  reridoai 
from  40  mesh  to 
100  J 


Class  II. 


Grist    mill    or 
Buhrstone 

Same  as  Arrastra. 

Stone. 

Any  state, 
but  usually 

Cont. 

Ooftala 

90 

^ft'^SS^.^ 

milL* 

dry. 

grain,  soft  roioki 
etcTlromMiiiGh 
to  100  mesh: 

Rock    emery 

Same  as  Arrastra. 

(a) 

«« 

tt 

94  to  48  of 

90 

Fine  grinding  os 

milt* 

rock. 

UtUehardErmip 
terial  than  im- 
ceding. 

Frflbel'B  Im- 
proved     fine 

Similar  to  preceding,  ex- 
cept that  grindinfc  sur- 

(6) 

M 

•1 

90  of  galena 
ore. 

Grinding  soft  oni 
fromMin.toS 

grinding  mill. 

face  is  shaped  likisthe 
surface  of  a  much  flat- 
tened cone. 

meah. 

Carey  portable 
pulverising 
mill. 

Same  as  Buhrstone,  ex- 
cept that  upper  grind- 
er is  suspended  by  uni- 

Buhr- 

SameaspnoedtaK. 

stone. 

versal  Joint. 

Kolshorn  & 

Iron. 

Dry. 

Qrioding  oenent 

8treoker*lB 

grinder* 

corrugated  bottom. 
Weight  of  pan  full  of 
ore  causes  grinding. 

(a)  Combination  of  emery,  cement  and  buhrstona    (6)  Oast  Iroo  with  furows  of  wood. 


Class    IIL 

Cumming;sore 
granulating 
mill.* 

VerUcal  rock 
emery*  (o). 

Vertical  concentric  grind- 
ing surfaces.  Horizon- 
tal driving  shaft. 

Same  as  preceding 

Iron. 
(6) 

Any  state. 
Any  state. 

Cont. 
At 

480    of  oe- 
ment. 

1  to  00  of 
rock. 

60 

8-a 

Grinding  rock  &QB 
liwditoftlsA 

Grinds  moderatdf 
hard  rock  fIroB 
M  in.  to  00  mob. 

(a)  This  mill  is  described  in  the  text  with  the  Rock  emery  mill  under  dass  IL    (6)  Emery, 
buhrstone. 


Class  IV. 


"  Kegehnilhle 
or  cone  mill* 

Sample 


unpte 
grinder.* 


Concentric  grinding  sur- 
faces nearly  vertical. 
Vertical  driving  shaft. 

Same  as  preceding 


Iron. 
Iron. 


Any  state. 
Usually  dry 


Cont 


106  of  coal. 


Orlndfaig  softi 


fromOtaLtoMk. 

Fine  grinding  of  on 

flrom  M  in.  toll 


PUL  VEmzsm  other  than  orjl  virr  stamps. 


TABLE  136. — CLASSIFICATION   OF  PULVERIZERS. — ConUnVsd, 
ii^j»hiiiM  a]arlc«d  with  an  naterisk,  fhus,*  are  described  later  In  tJie  text. 


Ite. 

Prindpto. 

^fcfi 

Rao. 

\:\ 

Capacity 
%\  E^rs. 

i 

Csea  Designed  for. 

gol 

ii 

Tons. 

CL4S8     V, 

1  p  tt  I  Icy Under  wilh  horiionUi 

Iron. 

In  water. 

Cont 

6  of  tin  ore. 

m 

In    Cornwall,    for 

^- 

ftsJa.  which  griads  bv 
r«TolTiii|r  In  kiwor  half 
of  a  stationary  cylin 

Hue  erimiltj^  of 
miildlinKs  from 

5*1  to  lOOmesh. 

drical  trouf^h. 

CLASS  VI, 

nflL  •     Vertlca  eccentric  ^lad^ 

Iron. 

Usualty 

Cont, 

4  to  19  of 

m^ 

QrlndtQi;  mlddllnffS 
from  A  iocb  to 

^ iDCb. 

toe  nirDusea  Boriaon- 
taTahaft. 

with  water 

Class  Vll. 

IP    0C- 

BoHaootal  eccentric 

Iron, 

Any  stale. 

Coot. 

7  lO    17   Gt 

Z-& 

Orlnding  soft  sub- j 

vralU.* 

tfrindiafc    Burfooe*. 
Vartical  shofL 

aoft  aub- 

atanoea,  as  (ertll-| 

sLanoes. 

taer,  bnoes,  cte..> 
from  Ji  hi,  to  *^ 

me«h> 

["■pii^ 

Horisootai  eccentric 

Iron. 

Id  water. 

*« 

7  of  tin  ore 

m 

Fine  (frindloir  mid* 

KiiDdlDK  surfaces,  one 
of  which  U  a  p  tat  ion- 

dllnj^  from  50  to 

ICN)  meah. 

•ry  pan.  Vertical  slmf  t 

—Ml  . 

Uka    preceding,  exoept 

Iron. 

In  water 

13  of   mid- 

8-18 

Q  rla  d  ln|r  middUnn 
fn^mtVl"  to^lD. 

pan  slowly  reroWee. 

dUngiL 

Fjd 

Diffeni  from  Cunnack'a, 
In   that  pan    rorolvea 
Cast,  driving  the  other 

Iron. 

In  water. 

'* 

l2of  quarU 



Substitute  for 
Btamp  mill. 

^v^ 

■■r 

discs  by  friction. 

Stmihu-  to  Bogardus 

Iron. 

With  water 

StmUar  to  Bo- 

F^" 

garduB. 

Class  vhl 

n-  hiOliCyriDdiW   ravotrUie   oo 

Iron. 

Dry  or  with 

ConL 

MtoSI 

(l»)6-8 

Kno    grlndlujf    of 

horiJKontal  AXIS,  con* 

water. 

soft  mat^riaU,  as 

Caininj?  balls  which  act 

cwnents,     dftys. 

by  grarity. 

etc.,  from  lU  In. 
to  100  m«?«h. 

■   ball 

daiutt  as  precedJni; 

Iron. 

Dry  or  with 

water 
Dry  or  with 

water. 
Dry  or  with 

water. 

** 

(ft}  1  to  la 

M-ll 

Sameaspreoedtog. 

Bli  ban 

Same  aa  preceding 

Iron. 

" 

0to38ofore 

»-14 

Saineasprecedini;. 

lAmllte 

IraiL 

4i 

Same  as  preoedhiM 

!SS 

Sj^ 

aMMMpreoediii^ 

Irtmaod 

Dryorwitli 

.» 

10  to  aii  of 

8-t6 

SubBtUute   for 

kGw* 

quartz. 

water. 

ore. 

Btiimp  mill.            i 

Saoia  ns  procedlnK. . . . . . 

Iroo» 

With  water 

1* 

t4  to  18  of 

10 

Sanio  B£  pr^codlQff«d 

ATY^J 

aoino  s«  prsoedtoff,  ex- 

:iron. 

In  water 

It 

5  to  a  of  tin 

Grindlnjf  mlddllni^  ' 

1P.I.«r^ 

ocpttiKa  scrap  itoQ  hi 
atead  of  balls. 

or«u 

from  5U  mcsL  to 
1*X»  roesh. 

Folwr- 

Sjune  as  precedini^ 

Iron. 

In  water. 

*♦ 

6  of  tin  era. 

8 

ia)OfciiroiiiejroiDai 

e 

^,    (b)  F6r  8-91  tons 
LASS     IX. 

capacity. 

k 

sat 

Slinllarto  Ortteon,   bui 
laSes  rollert  Instead  of 

Iron. 

Dry  Of  with 
water. 

Cont, 

4toaiofore 

l^#-»H 

Substitute    for 

L* 

MbL 

tfWit- 

aisQltaJ'  to  TiiMtin,  f»zct^pt 

Iron. 

Dry. 

u 

'J4  t4i  48  of 

0-l« 

Fine  cruflhlnK  of 
ore  fmm  1  Incb 

1   iml. 

roOi?r  is  Woi^Usd  by  a 

or*;. 

«^pnn«. 

to  100  meah. 
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TABLE  136. — CLASSIFICATION  OF  PULVBBI2EB8. — Continued. 

Machines  marked  with  an  asterisk,  thus,*  are  deacribed  later  In  the  text 


Principle. 


Bun. 


Capacity 

81  Hours. 
Ttms. 


CLAB8    X. 


Cleanup    bar- 
rel* 


oylln 


der.* 


Cylinder  revolving  on 
norizontal  axis  con- 
taining balls  which  act 
by  gravity. 

Same  as  preceding. . . 


Iron. 


(a) 


In  water. 


Dry. 


Int. 


i^to^of 
talc. 


90 


battery 

nes,  ele. 

from  H  inch  to 
flOmedi. 
Floe  grindtog 

mew  to 


(a)  Flint  pebbles.    Porcelain  lining. 


Class  XI. 


Frisbee  Lucop 
mill.* 


Waring  pulver- 
ator. 

Planet  pulver- 
izing milL 


Lion  mill.... 
Cyclops  mill, 
Tnompson'R 
pulverizer. 


Cylinder  with  die  ring, 
having  horizontal  axis, 
in  which  revolve  rollora 
driven  by  arms  and 
crushing  oy  centrifu- 
gal force. 

Similar  to  preceding,  ex- 
cept that  it  uses  oalls 
inHtead  of  rollers. 

Similar  to  preceding,  ex- 
cept ball  is  driven  by 
two  revolving  discs. 

Similar  to  preceding . 

Similar  to  preceding. 

Similar  to  preceding. 


Iron. 

Iron, 
Iron. 


Iron. 
Iron. 
Iron. 


Dry  or  with 
water. 


Same. 
Same. 


Same. 

With  water 

Dry  or  with 

water. 


Cont. 


18  to  34  of 
quarts. 


36  of  phos- 
phatie. 

48  to  78 
(MS  of  qtz. 
15-00  of  ore 


8-18 


10 


8-16 
4-10 


Qrinding  phos- 
phate, eta,  to  • 
mesh  and  M  Bib- 
stituteforstaap 
mill  on  gold  flfHL 


■  1 


Grinds  < 
in.  to 


Same  M  praoedlif 


Same  as  prebediaf 


Class   XII. 


Qrifflnoentrifu 
gal  stamp 
milL* 


Similar  to  Frisbee  Lucop 
except  rollers  are  cor- 
rugated and,  hence, 
strike  a  blow. 


Iron. 


Dry  or  with 
water. 


Cont 


180  of  cop- 
per matte 


80 


Qrinding  ore  fIraB 
IH  in.  to  Ah. 


Class  XIII. 


American  ball 

Horizontal  stationary 
pan,    around   which 
balls  are  driven  by  re- 

Iron. 

Dry    or  in 

Cont 

24  to  78  of 

4-40 

Grinding  oresflPOB 
Mln.toOOnwriL 

pulverizer. 

water. 

quarts. 

volving  cover. 

I^amberton  mill:Same  as  preceding 

Morey  &  8jper-;8irailar  to  preceding,  ex- 

Iron. 
Iron. 

Same. 
In  water. 

II 

Sameaspreeott; 
Same  as  preeodkK 

34  to  86  of 

13-15 

ry  pulverizer. 

cept  balls  are  driven 
by  under  disc. 

quarts. 

Crawford  mill. 

8am«  as  preceding 

Iron.     • 

Same. 

li 

10  of  quartz 

IS 

SAmeaapresedkf 

Pfeiflfer's  hori- 

cept balls  are  driven 

Iron. 

Dry    or  In 

It 

7  of  cement 

10-18 

zontal    ball 

water. 

mill. 

by  radial  arms. 

Morel  &  Hall's 

Same  as  preceding 

Iron. 

Same. 

•« 

Sameaspresedkf 

ball  mill. 

Class  XIV. 


Jordan's  cen- 
tri  f  ugal 
grinder  and 
amalgamator 

Kinkead's  ball 
milL 


Pan  keyed  to  a  sllghUy 
inclined  shaft,  around 
which  balls  roll,  due  to 
rotation  of  shaft. 

Similar  to  preceding,  (»- 
cept  that  tlie  shaft 
gyrates  at  its  foot. 


Iron. 


Iron. 


In  water. 


Same. 


Cont 
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led,                    ^^M 

^^1                            Machines  inarked  with  an  witorisk.  tbun,*  are  ile«cribeil  later  in  the  text. 

V 

III; 

i  1 

Capacity 

1 

1 

Principle. 

Run. 

MHonrs. 
Tons. 

"~'"  1 

H^                               ^^^^  ^^*                                     1 

^^^ko  ninnct^' . 

Cylindrical     rollers    r** 

Iron. 

Dry    or   in 

Cout, 

14  to  18  of 

^ 

Usually     for     One          ^H 
^iH.0.10         ■ 

▼Giving  on  boriiontal 

Sorae- 

water. 

Sfimw- 

ore. 

axis  and  gyrating  In  a 

tlmca 

tinies 

00  of 

pan. 

atone. 

Int. 

qnartsite, 
IS  to  S5  of 

(■••••* 

^H 

^^pvftis    roUt^r 

l^aine  aa  preceding 

Iron. 

In  water. 

Coot. 

6-10 

Substitule  for          H 

^KjurtxmiU* 

ore. 

stamp  mitl.                   H 

^^Eigtoy's    im^ 

Iron, 

Same. 

•• 

TSoCore. 

8-10 

Cnishf  ng  ores  from           ^M 

■gjad^dry 

IMin-toTSmeatL          ■ 

ttHraa^oiuK, 

Bame  w  prooedJoff . ,  * ,  1 1 

Iron. 

Same, 

4t 

51  of  ore. 

Crushitigore  from          H 

^in.  to60meah.           ■ 

Substitute  for          ^1 

lPli««D  elec* 

Same  as  precadInK ,  * . . , . 

Iron. 

Sanws. 

1* 

l«  to  *8  of 

firiem  pal 

ore. 

stamp  mill,                    ^^M 

aSSS^mio. 

Same  u  preceding , 

Iron.       1 

Dry. 

tt. 

S3ofoeme*t 

5 

For    grinding    oe-   ^^^H 
ment,                      ^^^1 

Hbodii  iiiiii.>> 

Iron. 

»» 

For    grinding    ore  ^^^^^| 

from  U  inch  to  ^^^1 
m  me«b.                   ^^M 

WSSm^'im^ 

aanie  as  preoedin^. 

Iron, 

Dry  or  with 
water. 

»t 

71  to  flO  of 
cemenU 

36-40 

Same  as  preceding    ^^M 

^^F                                                             CtABs  XTI.                                                                            ^^1 

Rfihfmna  ififfl*-- 

Conical  rollers  reToliflng 

Iron, 

With  water 

Cont. 

38  of    mid^      a-»34 

CrtisblDgmiddltngs          ^| 
from  15  rnxsL  to         ^M 

on   Axed   axis  nearly 

dlinga.      ; 

boriaootal  with  revolv- 

%m.BL                           B 

ing  dJac  beneatlL 

■ 

CLASS   XVIL                                                                                                    H 

yinlmartTTinr    iTNin    contatnlnjc  muller 

Iron. 

to  water. 

Cont. 

15  of  ore.           2 

For  gold  ores  and          ^M 
niiddllngs,    from           ^M 

keyed  to  Kyrating  abaft . 

H  In.  Ui  40  m«tBh.          H 

Ui^bMrmtU. 

Same  as  preceding 

Iron. 

Same. 

«* 

SuuiH  as  preceding          H 

Ci^sa  XVI I L                                                                               1 

BantfOffton 

I>Ie   ring  wlUi    Tcrtical 
axlB«  inalde  of   whicb 

Iron. 

In  water. 

Oont. 

19  to  dS  of 

4^ 

Substitute  for          H 

ore. 

Biamp  mill    and          H 

are  rollers  which  re- 

for middling!          H 

volve   anjtiDd   central 
ehaft    and   rotate  on 
▼ertical  axes  by  fric- 
tion and  cruah  by  oeo- 
tdftifral  force. 

cruahw.                 ^^M 

ttoirtand    mfll 

Bimtlar  to  preceding,  ex- 

Iron, 

Same. 

II 

13  to  84  of 

13-15 

Substitute  fbr         V 

tra.L 

cept   that   rollers  are 
driven  by  a  revolvlnj? 

ore. 

stamp  mill.                   H 

■ 

under  disc. 

Vttod   puliriM^ 

Sknllar  to  Huntington. . 

Iron. 

Dry   or  In 

If 

24  to  «5  of 

15430 

Same  as  preceding          ^| 

tar.» 

water. 

ore. 

■ 

f^npHiinm.... 

Similar  \/o   Huntington, 
but  has  roUera  on  two 
levels. 

Iron. 

Dry. 

II 

10  to  15  of 
coaL 

IM 

For  grlodlng  ooal          H 
to  40  meak                    ■ 

fHid«b«vvmill 

Similar  to  Huntinifton. , . 
Similar  to   Huntlngtoo, 

Iron. 

Same. 

•* 

6-aofooal. 

4-6 

Same  as  preoedine           ^M 
For  fliie  grinding  of         ^M 

T^watogpoi 

Iron. 

In  water. 

II 

8  of  tin  ore. 

m 

except  rollers  are  cor- 

ore.                        _^^M 

blow» 

m 

CLAA9  XIX.                                                                                                1 

Orilllv  raUtff8tmU«r   to  Ilitiitillirto&. 

Iroo. 

Dry    or  in 

CoDt 

30  to  00  of 

1&-86 

Substitute   for          H 

mOL*                   irxomH   Unit   tiAleft"  la 
nitiiiMi  tijr  a  |nill<*y. 

wator. 

quarta. 

stamp  mill.                    ^1 

^^^^^^^^^^^^^ 
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Machines  marked  with  an  aaterlak,  thin,*  are  deacrtbed  later  in  the  text. 


Prlndplei 


ill 

in 


Run. 


I  ^ 

II 


Gapacity 

S4  Hours. 
Tons. 


Umb 


CLA88   XX. 


Carr  dlstnte- 

grator.* 
Brink  ft  Hflb- 

ner  diiiDte- 

Stedman'B 
dlii]it*ffntr«  . 
Sturtevant 

mllL* 
OroloiiepiilTer- 

Lflfviathaii  pul 


Mallie*s  pulTer- 

iaer. 
Jordan'!    pul- 


Impact  marhtne  hav- 
ing two  horiaontal 
■hafta  and  two  sets 
of  beaters  rerolving 
in  opposite  directions 
in  a  chamber. 

Same  as  preceding. ... 
Same  M  preceding. .. . 


Same  as  preceding. . 
Same  as  preceding. 
Same  as  preceding. 


Iron. 

Iron. 
Iron. 

Iron. 
Iron. 
Iron. 


Dry. 

Dry. 
Dry. 

Dry. 
Dry. 
Dry. 


Coot 


(L.  175  to 
600  of 
coaL 

S.    80   of 
m  id- 

i^torofof 

ore. 
to  19  of 
ore. 


8^196 


e-7 

'90-75 
flJ^17 


SS-Sr*» 
dUngii  tnm% 
to4mm. 

Cjtirtitng  Qgj  tiw 
4iii.(o90Mrik^ 

FlnagriDdrf  4 
miner  all 
Mfn-tolM 


CLA88  XXI. 


Whelpley  & 
Btorer  pul 


Raymond  auto- 
matic pulver- 
iser. 

Walker  pulver- 


Byersonpul 


Impact  machine  with  one 
horixontal  shaft  and 
several  sets  of  beaters 
revolving  in  a  chamber. 

Same  as  preceding 


Same  as  preceding,  with 
but  one  set  of  beaters. 

Same  as  preceding 


Iron. 

Iron. 
Iron. 
Iron. 


Dry. 

Dry. 
Dry. 
Dry. 


Coot. 


18  of  ore. 

I^to90 
85  of  quarts 


7.800  bush 
els  wheat 


15 


Grindli^oniftw 

HIlLtOlOOM*. 


Grlndlog  wotttm' 
terfalslopoiidv. 


OrlDdiur  fhn  H 
in.  toiOOmeA 

Grinding  soft  ina> 
terial,  as  whal» 
to  flour. 


Class  XXII. 


*8ohleuder- 
mlihle.'' 


Vapart  disinte 
grator.* 

Griffln  pulv<»r- 
izer. 

Whelpley  & 
Storer  whirl- 
ing table. 

Progressive 

Suiverlzer. 
olsen- 
mtihle.** 


Maglo  crusher. 


Impact  machine  with  ho- 
rizontal disc  revolving 
rapidly  on  vortical 
shaft.  Throws  ore  ra- 
dially outward. 

Same  as  preceding 

Same  as  preceding 

Same  as  preceding 

Same  as  preceding 

Same  as  preceding 


Impact  machine,  where 
ore  is  struck  by  pro- 
jections on  rapidly  re- 
volving horizontal  disc. 


Iron. 


Iron. 
Iron. 
Iron. 

Iron. 
Iron. 


Iron. 


Dry. 


Dry. 
Dry. 
Dry. 

Dry. 
Dry. 


Dry. 


Cont 


14  of  ore. 


10  to  96  of 
soft  ores. 
I  to  79  of 
ore. 

900  of  ore. 


4-18 
15-90 
1^ 


orssfroiB 


Hln.fbl9niMb. 


Grinds  ore  from  4 
DcbestoMiBck 

Grinds  ore  firoB 
U  in.  to  100  me*. 

Gruids  ore  trom  H 
taLtolOOmedh. 


F>iabto-i . 

from  19  iBohto 


Class  XXIII. 


Pneumatic  pul- Impact   machine,    in 

verizor.  which  two  streams  of 

I    ore  meet  in  a  chamber. 


Ore. 


Dry. 


Cont 


7  to  10  of 
ore. 


(a) 


Crushes  ore  finom 
Hin.tolOOnMih 


(a)  Boiler  bums  0.90  to  0.49  tons  ot  oqs\  \o  cx>»h.  7  to  10  tons  of  ore. 


mU  TffA 


CUii^st'^  r,  to  V.  arr  cmicpiitrir  in  tfieir  acliori  anc]  act  upon  tlic  true  grinding 

nciple  only.     Cln^Bos  I.  atu\   IK  finw  vrrtitn!  «\rs;  IIL  anfl   JV,  havr  linr- 

intal.     The  former  are  listed  for  very  fine  grinding  and  arc  able  to  do  such 

k  because  the  particles  cannot  iiimble  away  from  the  surfaces  as  soon  as  the 

t  break  takes  plaee.     The  latter  do  not  grind  so  finely  because  the  particles 

drop  out  when  partly  broken.     The  wear,  when  hard  rock  is  ground,  is  high, 

id   since  they  are  employed  for  very  fine  grinding  their  capacity  per  horse 

er  is  necessarily  low.    These,  as  well  as  the  other  machines  that  crush  by 

inding,  if  run  dry,  have  greater  tendency  to  heat  than  the  machines  which 

by  pressure, 

VI.  and  VII.  have  eccentric  grinding  surfaces  and  they,  therefore, 
1K»  tendency  to  wear  in  grooves,  which  is  an  advantage.    The  remarks 
m  concentric  grinders  in  other  respects  arc  equally  applicable  here. 
Class  VIII.  includes  the  true  ball  mills  and  they  act  by  pressure,  by  grinding 

by  blows. 
Class  IX.  includes  machines  which  resemble  those  of  Class  YIIL,  but  they 
by  pressure  only.    The  effect  of  the  heavy  rollers  with  free  discharge,  is  to 
8C  wear  and  the  tendency  to  make  slimes. 
Class  X.  represents  the  parent  form  of  ball  mills  and  the  intermittent  me^tliinl 
action  makes  the  machines  of  this  class  extremely  fine  grinders.     They  are 
pie  and  are  good  amalgamators  and  are  used  for  very  fine  grinding  where 
U  capacity  is  not  objectionable. 
Class*  XL  includes  roller  and  hnU  mills  using  pressure  mainly,  with  or  with- 
out grinding.     Class  XIL  acts  by  blow  only.     C'lass  XIII.  acts  by  pre^h^ure,  and 
to  a  \e^s  extent  by  grinding.     Classes  XL,  XIL  and  XIII.  have  not  met  with 
wide  adoption  on  account  of  complicated  parts. 

CIkss  XIV.  uses  both  pressure  and  grinding.  The  inclined  shaft  is  a  dis- 
adTastage. 

Class  XV.  acts  mainly  by  grinding  and  to  a  less  extent  by  pressure.  Class 
XVL  is  like  class  XV,  in  action  except  that  the  conical  rollers  enable  it  to  act 
wholly  by  pressure.  Classes  XV.  and  XVL  have  been  very  successful  for  moder- 
fltely  fine  work. 

Ki  Uirs  XVIL  acts  by  pressure  only  on  the  fine  grains,  but  it  introduces  a  slight 
lading  action  wliile  breaking  the  coarse  lumps. 
CDasseg  XVIIL  and  XIX.  are  the  vertical   roller  mills  and  they  act  almost 
felly  by  pressure.     They  have  been  the  chief  rivals  of  the  California  stamp 
mill* 

Classes  XX.,  XXL,  XXIL  and  XXIIL  all  break  the  rock  by  striking  a  blow  in 
epace.     They  have  found  favor  only  on  soft  material  because  of  the  high  cofil| 
rf  power  and  wear  when  crushing  hard  substances.    Several  of  these  mUls  are 
for  very  fine  grinding. 


r 


Abrastea  OB  Dbao-stone  Mill. 


S  205. — This  mill  consists  of  a  circular  pavement  from  6  to  20  feet  in  diame- 
ter with  a  retaining  wall  around  it  and  a  step  in  the  center.  Upon  the  step 
itsads  a  vertical  revolving  spindle  or  shaft,  and  from  the  spindle  extend  hori- 
zontal arms  to  which  large  boulders,  called  drag-stones,  are  attached  by  chains. 
The  boulders  are  dragged  around  the  circle  by  the  arms  and  crush  the  ore  by  a 
true  grinding  action. 

The  arms  number  from  two  to  eight,  usually  four.    The  drag-stones  vary 
lli>rm  two  to  twelve,  commonly  four;  they  weigh  from  80  to  2,000  pounds,  aver- 
age about  300  pounds.     Holes  are  drilled  in  the  stones  and  plugged  with  dry 
vood  and  the  eye  rings  are  driven  into  tlu\^e  plugs.    They  are  v^aeei.  wi  ^Sx'aX. 


S38 


ORE  DRE88IN0, 


205 


the  stone  slmll  slide  on  its  largest  plane  surface  and  forward  of  the  center  of 
gravity  so  that  the  front  edge  of  the  stone  may  be  lifted  so  as  to  ride  over  the 
coarsest  of  the  ore  during  the  early  stage  of  grinding. 

To  prevent  leakage  of  ([uicksilver  the  pavement  is  built  upon  a  clay  or  coft- 
Crete  foundation  which  is  always  wider  than  the  pavement.  The  latter  is  about 
1  loot  thick  of  granite,  basalt,  or  flinty  quartz,  a  rough  grained  rock  being  pre- 
ferred. The  joints  are  filled  with  flne  tailings,  or  better,  with  cement.  The 
retaining  wall,  2  to  4  feet  high,  is  made  of  stones  laid  in  cement,  of  wooden 
staves  bound  with  iron  hoops,  or  is  merely  a  clay  bank.  It  has  a  gate  or  a  series 
of  plug  holes  for  discharging  the  pulp  and  sometimes  screen  discharges  for 
continuous  work. 

The  speed  is  4  to  18  revolutions  per  minute,  usually  10  to  14  for  power 
arrastras.  Small  arrastras  are  driven  by  a  horse  or  mule  atttached  to  an  ex- 
tension of  one  of  the  arms,  the  animal  walking  around  the  circle.  Lai^ 
arrastras  are  drivcMi  by  a  horizontal  water  wheel,  susjjended  from  cross  arms 
separate  from  the  dragging  arms  and  extending  outside  the  retaining  wall,  or 
they  are  driven  by  a  shaft  with  beveled  gears.  One  long  shaft  may  in  this 
way  connect  several  arrastras  with  a  single  driving  engine. 


FIG.    158. — SECTION  OF  AURASTRA  AT  MILL  81. 

It  is  used  as  a  fine  grinder  and  amalgamator  with  both  gold  and  silver  orw,    J 
and  is  fed  with  material  seldom  above  \  inch  in  diameter,  often  much  below.    It    j 
is  used  where  cheapness,  both  of  installation  and  of  running,  is  essential  and  at 
the  same  time,  small  capacity  is  not  objectionable,  for  example,  in  regions  le-    = 
mote  from  supplies.     It  is  often  used  for  re-treating  tailings  of  gold  mills^ 
chiefly  by  lessees.  '; 

At  Guanaxuato,  ^Mexico,  mule  power  arrastras  12  feet  in  diameter,  each  treat  1 
600  to  1,100  pounds  of  silver  and  gold  ore  per  charge,  taking  24  hours  and  using  j 
230  to  299  gallons  of  ^yate^.  At  Zacatecas,  a  chargi*  of  1,000  pounds  of  silver  ^ 
ore  is  treated  in  13  hours;  at  San  Dimas,  1,500  pounds  in  three  days  at  a  cost  | 
of  $1  to  $1.40  per  ton.''  A  twelve-foot  power  arrastra  can  treat  two  charges  of  ;j 
2  tons  each  in  24  hours.*®  At  Smartville  and  Mooney  Flat,  Nevada  Comity,  % 
California,  arrastras  12  feet  in  diameter,  making  14  revolutions  per  minute,  ^ 
with  steam  power,  grind  7  tons  per  charge,  and  the  time  of  treatment  is  1  hoar;  | 
cost,  8  cents  per  ton.  Louis*  gives  6  horse  power  required  for  a  12-foot  arrastra,  I 
making  12  revolutions  per  minute  and  treating  6  tons  in  24  hours.  1 

Mill  81,  visited  by  the  author,  consists  of  four  arrastras  which  grind  the  tail 
ings  from  Mills  65,  73  and  74.  These  arrastras  (see  Fig.  168),  consist  of  i 
pavement  A,  2  feet  thick,  built  of  stones  and  cement  with  an  underlying  bed  <A 
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PULVBBlZEnS  OTHEB  THAN  GHAVITF  STAMPS. 


6  inches  thick.  The  inside  diamctor  is  12  fcot ;  in  the  center  is  a  step  B  of 
fiak  tiinljcr.  pn>j»*('ting  one  fout  above  the  piivement  to  iveoive  ihe  centryl  shaft. 
AroDnd  the  pavement  is  built  a  cemented  stone  wall  C  2  feet  thick»  4  feet  high 
2  feet  above  the  pavement.  Upon  the  center  step  stands  a  rough,  vertical 
or  spindle  D  of  pine  wood,  2  feet  in  diameter,  8  feet  high,  with  a  toe  of 
t:h  diameter  round  iron  at  the  lower  end  to  support  it  in  the  step,  and  an 
igioD  of  2  feet  aiiove  the  top,  of  3-inch  round  iron  to  act  as  the  top  journal. 
upper  journal  runs  in  a  wooden  bearing  bolted  to  the  side  of  a  horizontal 
id  timber  E,  which  is  IG  inches  in  diameter,  32  feet  long,  strongly  supported 
[braetfil  at  the  ends.  Four  timber^  F,  tiX><  inches,  pans  horizontally  through 
|TerticaI  shaft,  the  top  of  each  being  1  foot  above  that  of  its  predecessor  and 
eighth  of  the  circle  in  advance  of  it,  and  furnish  eight  arms,  each  of  124 
;  radius,  for  the  support  of  the  water  wheel.  At  the  end  of  each  arm  are  Bus- 
ied two  vertical  timbers  G,  2X6  inches,  supporting  a  horizontal  impact  water 
8-i  tvH  inside  diameter.  The  buckets  are  placed  between  two  rims  /,  8 
ipart;  each  rim  is  made  of  two  thicknesses  of  1-ineh  board  8  inclies  wide 
by  breaking  joints,  maintains  the  circular  form.  The  buckets  ff  are  8 
dwp  and  are  made  of  two  part:;!,  tlie  upper  making  75 *"  with  the  hori- 
sk'iping  toward  the  water  jet ;  the  lower,  SQ°  with  the  horizontal  mid  about 
jl^  to  the  jet  of  water.  The  jet  of  water,  not  shown  in  the  figure,  is  5 
ride,  10  inches  deep,  and  elopes  45^,  with  a  head  of  12  to  16  feet.  The 
12  to  14  revolutions  per  minute. 

drag  stones  J,  weighing  from  a  ton  down,  are  attached  by  chains  to  the 

fizontal  arras  and  the  length  of  the  stones  is  so  placed  with  reference  to  the 

tius  that  one  stone  causes  an  outward  current  while  auother  causes  an  inward 

The  stones  last  from  one  to  three  months,  according  to  their  size, 

ly,  two  new  and  two  old  stones  are  run  togetlier.     The  pavement,  2  feet 

laks  i  months. 

L  charge  for  each  arrastra  is  estimated  to  be  4|  to  5  tons.     The  feed  sand 

which  have  passed  through  screens  with  rj.03t>iueh  (0.7G  mm.)  round 

aging  water  enough  to  liquify  the  pulp.     The  treatment  lasts  twenty- 

'  boun;  and  the  sand  is  mostly  ground  to  fine  mud* 

^Conif  "        ilie  power  from  the  flow  of  water,  and  assuming  the  efficiency  of 

:  war  !    to  be  40%*  and  that  of  the  jet  100%,  the  power  actually  used 

Bid  U  fn>m  5.25  to  8.1  horse  power.     Three  men  per  24  hours  are  required 

the  four  arrastras*     For  further  particulars  see  Mill  81  in  Chapter  XX. 

■DtU  arra«tra  is  used  in  Mill  hS  as  clean  up  pan  and  is  further  described 

that  head. 

Amaloamatino  Pans. 

l80€.    The  modem  combination  pan   (see  Figs.  159a-1616),  has  been  de- 

along  the  lines  indicated  in  the  early  patents  of  1855  to  1875.     It  is  a 

Dined  pan  with  an  iron  cone  in  the  center,  with  high  sides  nearly  or 

tical,  and  in  it  a  horizontal,  annular  disc,  called  a  muller,  is  revolved. 

tliri^  important  duties  to  perform:  it  grinds  the  ore,  it  furnishes  iron 

liemical  reactions  of  the  process,  and  it  mixes  the  mercury  with  the  ore 

that  amalgamation  may  follow.     Some  high  authorities,  among  whom 

Bo»*  claim  that  the  reduction  in  size  should  be  completed  before  the 

*'  pan  and  that  the  pan  should  not  be  used  as  a  grinder  except 

_  . '    ■    ■  '  "fi» 

mixing  or  circulation  of  the  pulp  is  the  most  important  feature  in  the 
jitifin.    Upon  it  depend  all  the  others.    Two  kinds  of  circulation  are  required 
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FIO.  159a. — ^PLAN  OP  FRASER  A  CHALMERS  COMBINATION  PAN. 


FIG.    1596. — SECTION   A  B. 


I  a  pan  :  the  whirling  uf  \\w  pulp  around  in  a  cirrh',  due  ify  the  rotation  of  the 
huller.     This  is  simply  and  easily  done*     Srcontlly,  a  circulation  which  causes 
pulp  to  flow  outward  from  the  center  at  the  bottom,  then  to  rise  op  the 
next  to  return  toward  the  center  at  the  top  and  fmally  to  fall  down  to 
bottoia  to  start  over  again,  making  a  complete  and  continuous  mixing  up  and 
rerturning  of  the  whole  pulp*     This  circulation  has  been  accomplished  by  the 
perfection  of  the  design  of  the  pan. 

§207.    The  Foundation  Frame,  Pan  Bottom  and  Central  CoNE.—Each 

has  four  feet  A,   (Fig,   ir>l^>/)     These  are  bolted  to  two  long  tinnbers  B 

inning  under  the  whole  row  of  pan?;  these  timbers  are  supported  by  two  poets 

jder  each  pan,  which  in  turn  stand  upon  sillg  below.     Cross  bars  notched  into 

poets  support  the  boxes  or  hearings  C  (Fig.  161«.)     Each  of  these  boxes  has) 

parts:  a  step  for  the  vertical  shaft,  a  bearing  for  the  gear  end  of  its  own 

mzontal  shaft  and  another  for  the  pulley  end  of  its  neighbor's  shaft*     The 

pan  (see  Fig.  100a),  substitutes  two  cross  caps  at  each  pan  for  the  two  long 

ers  and  xises  four  posts  instead  of  two.     It  also  has  a  different  style  of  box 

allow  the  use  of  one  long  horizontal  shaft  for  the  whole  row  of  pans. 


C3 


^    fj 


FIQ.  159rf.— DO. 


\^ 


^^ 


PIO.   159c. — PAN  BOTTOM* 


r 

FIG.  159e. — SHOE. 


The  pan  bottom  (Fig.  150c  and  D.  Fig.  1596)  is  a  east  iron  disc  supported  on 
the  four  feet.  At  one  side  is  the  discharge  spout  E,  (Fig.  1596),  with  an  orifice 
about  3  inches  in  diameter.  This  is  placed  as  low  as  possible  to  drain  off  all 
the  mercury.  At  the  Lyon  mill,  Dayton,  Nevada,"  this  spout  was  found  to  wear 
out  much  faster  than  the  pan  bottom.  They  therefore,  used  a  larger  nipple,  in 
which  was  driven  an  oak  bushing  to  take  the  wear.  When  this  wore  out  it  wae 
replaced  at  little  expense.  An  amalgam  well  may  be  attached  to  the  spout  if  the 
mercury  is  to  be  settled  in  the  pan,  otherwise  the  pulp  is  run  directly  into  the 
"  ettler.     Settling  mercury  in  the  pan  is  now  practically  obsolete. 

The  bottom  supports  the  sides  F  (Fig.  159&),  th(^  rltos  (1,  ami  the  central  conei 
n.     The  central  cone  is  in  two  parts:  the  cylindrical  part  above,  carrying  the 
bearing  for  the  vertical  shaft,  and  the  conical  part  below,  to  prevent  a  stagnant 
center.     These  two  parts  are  generally  cast  in  one  piece.     The  union  between 

he  base  of  the  cone  and  the  pan  bottom  is  usually  made  by  flange  and  bolts; 

be  two  are>  however,  sojnetimc^s  cai^t  in  one  piece.    A  sleeve  \%  ^omeWm^^  xSkSR,^ 
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PIG.  160a. — SECTION  OP  BOSS  PAN. 
-4^ ^ 


FIO.   160b. — PLAJf  WITH  COVER  EE^OVEO.  YW..  \^^C«'— ^I&  UKG. 


PULVERIZERS  01 
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PIO.  161&.— PLAN. 
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YIQ,   161a, — ^SECTION  OF  UNION   IRON   WORKS  COMBINATION   PAN. 

urt  the  central  cone.     At  the  Lyon  mill,  this  was  1  inch  thick  and  36 

pan  made  by  the  Union  Iron  Works,  protection  is  ^ven  by  a  false  cone, 
n  in  Fig.  Tfila,  which  at  its  hai^c  fills  the  space  insirle  the  die  ring.     It 

in  pa'^ition  by  cement  which  is  poured  between  it  and  the  central  cone. 

lilfi  of  tlie  pan  bottom  and  central  cone»  see  Table  137- 

TABIB   137.^ — DETAILS  OF  PAN,  PAN   BOTTOM  AND  CENTRAL  CONE. 
AlxtireviAtirjfMw—C.  r.  =  CombinatJi)n  pdui:  Iii.  =  ltiche»;  Lb.=jK)iiiicla, 


Juactiao  of  Oone 

P#liU 

^'^11 

i| 

Wriffht  Of     ^  ^            " 

crWorki. 

luif]  Bottom. 
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III 
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^           > 

In. 

III. 
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U 

JS^ 

in 

75 

ll4l 

ATI 

MM 

050 

cd^iss 
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•A 

15 

ei 

BS 

8-a 

OB 

^Hiods  with  liteam  bottotm;  7,000  pouDde  wlLbout.    (C)5^  loclies  at  this  top; 
V  ith  «t«iijxi  lK>tt4;iin, 

Ths  Steam  Jacket  ano  8team  Pipe. — ITiese  a|ie  devices  lot  tv^^i- 
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§209 


ing  the  contents  of  the  pan  to  aid  the  choniical  reactions  needed  for  amalgama- 
tion. The  former  is  a  space  to  be  filled  with  steam.  It  is  sometimes  made  by 
bolting  a  steam  tight  annular  disc  /,  (Fig.  161a),  on  the  bottom,  furnishing  & 
steam  space  between  the  two,  or  it  is  made  by  dropping  a  conical  lining  orer 
the  cone  inside  the  pan.  The  steam  space  is  then  between  these  two  cones.  Still 
a  third  method  is  that  adopted  in  the  Boss  pan  (Fig.  160a),  which  has  the  pan 
bottom  and  conical  lining  cast  in  one,  and  slipped  over  the  permanent  cone,  and 
the  disc  steam  cover  below ;  this  gives  a  steam  jacket  to  both  the  bottom  and  the 
cone. 

In  case  live  steam  is  preferred  to  a  steam  jacket  for  heating  the  pulp,  t 
vertical  steam  ])ipc  is  arranged  at  one  side  to  deliver  dry  steam  within  6  or  6 
inches  of  the  bottom  of  the  pan.  A  chamber  and  drip  cock  must  be  placed  to 
dry  the  steam  just  before  it  is  admitted. 

The  steam  jacket  may  or  may  not  be  used.  The  advantage  of  the  steam  jacket 
is  that  the  heat  of  the  exhaust  steam  from  the  engine  may  be  saved  and  the  dilu- 
tion of  the  pulp  prevented.  The  advantage  of  the  steam  pipe  is  that  it  heafi 
the  pulp  quickly.  The  disadvantages  are  that  it  is  more  costly  since  pure  steam 
must  be  used,  as  oil  in  the  exhaust  steam  would  hinder  amalgamation,  and  8B^ 
ondly  it  is  liable  to  liquify  the  pulp  too  much.  Both  metliods  were  in  use  in 
the  mills  visited  by  the  author.  Mill  82  used  steam  jacketed  inner  cone,  bottom 
not  jacketed,  and  live  steam  in  the  pulp.  Mills  83  and  84  used  steam  jacketed 
bottom  and  live  steam  in  pulp. 

§  209.  Sides,  Flange,  Ring,  Lining  and  Covers. — ^The  sides  F  (Fig.  1691) 
are  generally  made  of  wooden  staves  2\  to  3  inches  thick.  They  rest  on  the 
bottom  and  are  held  together  by  two  or  three  hoops  J  (Fig.  1596).  The  com- 
monest form  of  hoop  is  J -inch  round  rods  with  the  ends  passing  through  rod 
binder  blocks  K  (Fig.  159a),  and  with  nuts  to  take  up  slack.  Mill  82  hai 
hoops  of  2jX:J-inch  flat  iron  riveted.  Boiler  iron  is  sometimes  used  for  the  sides. 
In  this  case  the  bottom  joint  is  caulked  with  some  form  of  packing.  Small  pans 
have  bottom,  sides  and  cone  all  cast  in  one  piece. 

Outside,  around  the  bottom,  and  cast  with  it,  is  a  flange  L  (Fig.  1596),  to 
hold  the  staves  in  place  and  giv?  a  water  tight  joint  Between  tnis  and  tlie 
staves,  packing  may  be  caulked.  Inside  the  staves  is  a  ring  M  (Fig.  1595)i 
which  may  or  may  not  be  cast  with  the  bottom.  This  ring  supports  the  etavei^ 
takes  the  wear  and  furnishes  iron  for  the  chemical  reactions,  and,  if  separate^ 
may  be  replaced  before  the  bottom  is  worn  out.  The  details  of  the  ring  are  givfli 
in  Table  138. 

TABLE  138. — ^RINGS. 


HUl  or  Works. 

Height  of 
Rings. 

Weight  of 
Rings. 

ThickDeas  Of  Rings. 

OMtonBottaBir 
SeiMisls. 

Mill  Hi 

Inches. 
10 

7 

7 
10 

6 

8 

8 

5 
16 

Pounds. 

Inches. 

j 

K  at  top,  !;^at  bottom. 

Separata. 

Separate. 
OAfft  rni  bottom. 

Hill  83 

Mill  84 

LyoD  mill 

E.  P.  AllisCo 

410 

M.  P.  Boss 

Fraser  &  Chalmers •••*. 

890 
400 
544 

Risdon  Iron  Works. 

Union  Iron  Works. 

Separate  and  la  k*« 

At  the  Lyon  mill,  a  lining  of  1-inch  boards,  24  inches  long  was  used  to  take 
the  wear  off  the  staves. 

Pans  are  provided  with  covers  N  (Fig.  1596),  of  cast  iron,  wronght  irontf 
wood  which  are  in  halves  for  ease  of  removing.  They  serve  to  keep  in  the  W 
and  steam.    They  have  holes  with  lesser  covers  0  for  feedings  sampling  vA 
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Hing  or  one-half  the  large  cover  may  be  removed  at  the  time  of  feeding. 
ie  weight  of  the  cover  as  given  by  the  Union  Iron  Works  is  315  pounds. 
§  210.  Dies  (Fig.  159^  and  0,  Fig.  1596),  are  flat  pieces  of  iron  wliich  are 
laid  around  the  bottom  of  the  pan  in  such  a  way  as  to  form  an  annular  ring.  A 
q>ace  is  usually  left  between  them  which  acts  as  a  channel  for  the  outward  flow 
of  the  pulp.    These  channels  are  usually  oblique  to  the  radii. 

The  dies  are  made  of  chilled  iron  and  may  be  dovetailed  separately  to  the  bot- 
tom as  in  Figs,  159t  and  159t*^  or  they  may  be  cast  in  a  single  annular  ring  witK 
channels  between  the  dies  as  in  Figs,  160a  and  IdOf,  or  finally,  a  single  die  rins 
without  any  channels  is  used  a«  in  Figs,  161a  and  1616,  This  is  either  cemented 
in,  or  held  by  dovetails  to  the  pan  bottoms,  or  by  lugs  on  it  and  in  the  pan. 
Where  no  channels  are  used  in  the  dies,  those  in  the  shoes  are  depended  upon 
wholl}'  for  feeding  the  ore  to  the  grinding  surfaces.  The  single  die  ring,  whether 
with  or  without  channels,  saves  much  time  in  changing  dies  over  the  independ- 
ent dies,  and  to  some  extent  protects  the  bottom  against  cutting  and  solution, 
especially  when  cemented  in» 

There  are  two  depressions  in  the  bottom  of  the  pan  which  may  or  may  not 
need  treatment  to  prevent  formation  of  pools  of  mercury.  They  are  the  annular 
gpacoB  inside  the  inner  die  circle  and  outside  the  outer  one.  The  Union  Iron 
Works  (Fig.  161fl),  get  rid  of  the  inner* one  by  bringing  the  central  cone  down 
to  the  dies,  and  the  onter  by  driving  in  a  pavement  of  wooden  blocks  with  grain 
on  end  flush  with  the  top  of  the  dies.  The  E,  P.  Allis  Co.  run  in  cement  to  fill 
both  spaces  flush  with  the  die  tops.  Fraser  &  Chalmers  (Fig.  1596),  leave  the 
two  spaces  unfilled  claiming  that  a  properly  run  pan  need  not  be  troubled  by 
pools  of  mercury. 

The  removal  of  the  worn-out  dies  is  effected  by  a  bar.    The  details  of  the 
rioos  forms  of  dies  are  given  in  Table  139. 

TABLE  139. — DIES, 
Abbr«Tt&tloiis.  ^Deg, = da^^rees ;  Lb. = pousdt. 
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Wotlcs. 
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§5 


B.R  AllteOa 

ILP.  Boi...*, 

FliMi  A  Oilmen . 
SIhIoo  Uva  Work*.. 
Ooloa  troQ  Worki. . 


8 
8 

8 
1 


Lb 
MO 

M7 

000 
748 


Dealga  of  DIea. 


S^pamie  dtfls . . . . . . 

Channeled  ring.... 

B(^pariLt«i  dtee 

Chan  noted  rin^. ,  < , 
Solid  rinff ..,, 


Diame- 
ter of 
Inside 

Difl 
Circle. 


DiacDe-. 

ter  of 

OiiMde 

Die 
CIrclB. 


Inches . 
91 
30 
tl 
30 

mi 


Ixiches. 

53 
M 
53 
M 


of 
BevH 

of 
EdifM 


00 

m 

45 


Dpfith 

of 
CbiiD- 
Deb. 


Inchr's 
Nooe. 

NODB. 


Horizon 

Ul 
Width  of 
Cbfuiaels 


Piometerof 

Circle  to 

whrcb 

FYont  Edj5« 

ot  Chanael 


IticheB. 
Nctne. 

m 


iDcbee. 

ma 

Non©. 

(€}  8  to  10 

Noae. 


{a)M  the  pettpheiy.    (b)  The  ch&anrk  are  mdiAt.    (£'}Trieso  rhtitinelfl  Are  outwafd  cliaQDcLs;  each  chan- 
iflfaMtwo  rtmadroA  ptooea,,  }i  inch  in  diameter, cost  in  to  8trt*ngihen  th^  ctistinj?  for  shipiiing  ime  Fl^.  100c). 
diet  tn  poflitioD  make  ^  Botid  annular  rin^  with  no  cUauDeLi  in  it  whabever  (see  Yig.  t&Qd}.    («)  TheM 
mg9  Inirard  channels. 

^  211-  Wings,  Mulleb,  Shoes  and  Pulp  Current. — ^The  wings  are  deflectors, 

-  fPigs.  161<J  and  1615),  genertilly  four  in  number,  shaped  somewhat  like  inverted 

"plough  shares.     They  are  bolted  or  dovetailed  upon  the  side?  of  the  pan  near 

the  top  of  the  pulp  and  deflect  the  revolving  current  toward  the  center  of  the 

pan.     At  the  Lyon  mill,  five  vertical  strips,  3X4X30  inches,  were  tacked  upon 

-the  wooden  linings  and  were  said  to  give  good  results. 

The  muller  or  muUer  plate  S  (Fig,  1596),  is  an  annular  disc  of  east  iron.     It 
es  to  convey  the  power  to  the  shoes  or  upper  grinding  parts.     Formerly  when 
indin^  in  the  pan  was  the  rule,  thf>  shoes  (Fi^  I59f  and  7'  Fig.  159&),  were 
avariably  attached  to  the  muller  by  wedging  dovetails  (see  Figs  159a-16l6), 
rhich  were  tightened  by  the  action  of  the  ahoes  on  the  dies.    This  method  was 
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necessary  on  account  of  the  frequent  renewals  needed.  More  recently  when 
grinding  is  not  used  the  shoes  and  muller  are  often  cast  all  in  one  piece.  The 
shoes  arc  oblique  sectors  of  circles,  that  is,  their  edges  are  oblique  to  the  radii 
Table  140  shows  the  details  of  muller  and  shoes  in  the  different  styles  of  puL 


TABLE  140. — ^MULLER  AND  8H0B8. 
Abbreviations.— Deg.sdegrees;  Iii.=iiiche8;  Lb.  pomida 


MOl  or  WDrka. 
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In. 
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m 
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i^ 
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In. 
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i« 


I>^^ 
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Hi 


Ui. 


(a>7«8 


S»l 

SB 


Wide. 


4,  _ 
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(id 

11 
s^  .Ml 

S      I  el  It 


ia)  With  spider.  (6)  3  inches  at  the  inner  end^  6  inches  at  the  outer,  (c)  4  inches  at  the  Inasr  end,  VlfilMiM 
at  the  outer,   (d)  Spiral  channels,   (e)  These  channels  have  the  outer  end  in  advance  of  the  tauMrond. 

The  pulp  current  is  chiefly  generated  at  the  bottom  of  the  pan.  The  two  main 
causes  which  affect  the  current  are  the  centrifugal  force  due  to  the  reTolution  of 
the  muller,  and  oblique  shoe  and  die  channels.  Shoe  and  die  channels  are  thus 
defined:  Outward  channels  for  shoes  are  those  in  which  the  inner  end  of  the 
revolving  channel  is  in  advance  of  the  outer,  that  is,  it  would  strike  a  stationaiy 
radial  arm  before  the  outer,  while  outward  die  channels  are  those  in  which  a 
revolving  radial  arm  would  strike  the  inner  end  of  the  channel  in  advance  of 
the  outer.  In  inward  channels  for  both  shoes  and  dies  the  obliquity  to  the 
radius  is  the  reverse  of  what  it  is  in  outward.  The  action  of  oblique  chanodi 
is  like  that  of  a  plow  which  in  outward  channels  throws  the  pulp  outward  and  in 
inward  channels  throws  it  inward.  Since  the  action  of  the  die  channels  is  mudi 
weaker  than  that  of  the  shoe  channels  and  they  furnish  disadvantageous  settling 
basins  for  holding  mercury,  they  are  frequently  omitted.  The  central  cone  occu- 
pies the  space  where  the  centrifugal  force  would  be  weak,  and  which  would  othc^ 
wise  be  occupied  with  a  sluggish  mass  of  pulp.  Obviously  the  larger  the  cone 
the  less  will  the  stagnant  center  hinder  the  action  of  the  centrifugal  force.  The 
thickness  of  the  pulp  affects  the  current  by  its  viscosity,  the  thicker  the  pulp 
the  slower  the  current  will  be  and  the  greater  the  power  required. 

There  are  two  classes  of  mills:  those  which  work  with  thin  pulp  and  those 
with  thick.  The  design  of  the  pans  has  to  be  made  to  suit  the  class  of  mill 
in  which  they  are  to  be  employed.  The  mills  using  thick  pulp  have  narrov 
cones,  outward  channels  in  shoes  and  likewise  in  dies  if  die  channels  are  used. 
Here  the  sluggishness  due  to  the  narrow  cone  requires  thick  pulp  to  support  the 
mercury,  and  the  thick  pulp  requires  that  the  centrifugal  force  be  supplemented 
by  outward  shoe  channels.  The  mills  using  thin  pulp  employ  wide  central  oonei 
in  order  to  obtain  the  needed  activity  of  pulp.  Here  the  activity  derived  from 
thin  pulp  and  wide  cone  is  so  great  that  an  outward  channel  can  be  used  to  dan 
back  the  outward  current  in  the  channels  due  to  centrifugal  force,  which  then 
overflows  its  banks  and  finds  its  outlet  between  the  shoe  and  die  and  gim  a 
uniform  outward  current  actiug  all  around  the  circle,  instead  of  mainly  in  tin 
channels  as  is  the  case  in  the  thick  pulp  pans.    Thin  unifona  oatward  oum 
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sweepe  ibt  quicksilver  more  thoroughly  from  the  bottom,  and  consequently  carries 
mi>re  to  mupension.  The  particli^s  of  quicksilver  being  smaller  and  more  numer- 
ous, it  is  claimed  that  tlje  contact  of  quicksilver  and 
pulp  is  bf'Her,  the  amalgamation  ia  more  quickly  per- 
formed and  the  ios^i  of  quicksilver  is  less.  The  pans 
of  M.  P.  Boss  (Figj?.  IGOu^GOt:),  of  the  Union  Iron 
Works  (Figs.  161a-ltJ16),  and  of  the  Risdon  Iron 
Works,  are  designed  with  wide  central  cones  and  in- 
ward shoe  channels.  The  E.  P.  Allis  pan  has  inward 
Bhoe  channels  with  narrow  central  cone.  The  Eraser 
&  Chalmers  pan  (Figs.  159(i-159c),  has  outward  chan- 
nels and  narrow  central  cone.  The  designs  of  dies 
are  quite  variable.  Boss  u^es  outward  die  channels, 
Rifidon  uses  inward  die  channels.  Allis  uses  radial 
die  channels.  The  Union  Iron  Works  and  Fraser  & 
Chalmers  have  no  die  channels. 

§  212.  Spider,  Driver  and  Cap,  LtiBRicATioN  and 
Gbinding.— The  spider  U  (Fig.  150^;),  by  which  mo- 
tion is  imparted  to  the  muller  is  in  the  form  of  a 
cone  above,  divided  into  legs  below,  the  spaces  be- 
tween which  allow  the  inward-flowing  pulp  current  to 
pass.  It  is  usually  cast  in  one  piece  with  the  mul- 
ler.  Between  this  spider  and  the  central  cone  an  an- 
nular space  4  inches  wide,  more  or  less,  is  left  At 
the  upper  end  of  the  spider  is  the  driver  V  (Fig» 
1596),  which  is  either  east  in  one  piece  with 
it  or  more  commonly  boiled  to  it.  This  has  in 
a  long  bearing  for  the  vertical  shaft,  on  one  side  of  which  h  a  keyway 
Iting  a  loose  fit  with  a  feather  on  the  shaft.  This  guarantees  that  the  muller 
11  revolve  with  the  latter,  but  allows  it  to  be  raised  and  lowered  at  will.  It 
I  90  raiaC'd  and  lowered  by  a  hand  wheel  W  (Fig.  1596),  and  a  screw  threaded 
bto  the  cap  JC  which  is  usually  flanged  and  bolted  to  the  top  of  the  driver, 
fcrew  bears  on  the  top  of  the  central  shaft  Z,  The  screw  has  a  second 
[wheel  F  upon  it  serving  as  a  lock  nut  to  maintain  the  muller  at  any  desired 
kt    Weights  of  these  pieces  are  given  in  Table  141. 
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TJUBLB   141.— WEIGHTS   OF   8PIDEK   AKD  DRIVING   CONE. 

Spider. 

IMringCooB, 

1LV  Atlifl  C!a       •..«.< -..i 

PounOi. 

Pounda. 
860 
661 
SSK 
S70 

Rliidnn  Iron  W^orkSt «*•»#<. it »»4**«<, 

9M 

tTnion  Iron  ^Tork* .»•*•>•<»•** *.«*•«« 

The  UFual  method  of  lubricating  the  central  shaft  is  to  put  the  oil  in  a  cup- 

ipi»d  eavit)'  in  the  top  of  the  cap,  from  a  hole  in  the  bottom  of  which  it  trickles 

Ihi?  length  of  the  shaft,     P.  J.  Donahue  has  devised  a  special  arrange- 

fthnvn  in  Fig.  162,  for  lubricating  the  central  cone  bearing  by  a  cup  in 

upper  end  of  the  thoft  and  a  conducting  tube  in  the  same,  by  which  he  has 

*    a  taring  in  the  wear  on  the  babbitt,  the  expenditare  of  oil  and  the  loss  of 


ivcr. 


^Th«  jarnnding  takes  nlace  when  the  shoes  are  lowered  upon  the  dies.     As  each 
cbanntl  filled  with  pulp  passes  over  the  die  surface,  it  smears  that  surface 


248 


ORB  DRSaaiNG, 


S  213 


with  ore;  the  shoe  immediately  following  grinds  the  ore  so  smeared.  The  die 
channels  when  used  act  upon  the  shoe  Surface  in  the  same  way.  Add  to  thii 
the  fact  that  the  pulp  is  circulating,  always  bringing  in  new  ore  particles^  and 
w^  have  the  conditions  which  establish  the  pan  as  a  high  quantity^  fine,  wet 
grinder. 

§213.  Vertical  and  Horizontal  Shafts. — ^The  vertical  shaft  Z  (Fig. 
1596  )y  stands  in  the  center,  revolves  in  a  step  below  and  a  bearing  in  the  top  of 
the  central  cone.  It  receives  power  from  a  horizontal  shaft  by  a  beveled  gear 
below.  The  horizontal  shaft  of  the  combination  pan  is  mounted  below  the  pan 
and  has  two  bearings,  one  beneath  its  own,  the  other  beneath  the  adjacent  pan 
(see  Fig.  1596).  It  receives  power  from  a  line  shaft  below  by  a  slack  belt  and 
tightener  to  make  and  break  the  connection.  For  a  set  of  Boss  pans  one  con- 
tinuous shaft  is  used  and  the  individual  pans  are  connected  with  the  power  by 
friction  clutches  on  the  driving  pinions  (sec  Fig.  160a),  thereby  effecting  tl» 
saving  of  one  long  line  of  shafting. 

§214.  Uses  and  Method  of  Working. — The  pan  is  used  for  the  amal- 
gamation of  silver  ores  with  or  without  preliminary  grinding.  When  grinding 
is  used  it  reduces  stamp  stuff  of  30  or  40  mesh  down  to  100  mesh  or  less.  The 
sizes  of  the  stamp  screens  in  the  mills  visited  are  given  in  Table  142.  Of  the 
size  of  ground  pulp  no  measures  have  been  made.  The  practical  test  is  as  to  its 
feeling  between  the  thumb  and  finger;  the  grit  should  be  nearly  gone. 

There  are  three  mill  processes  which  employ  pans:  The  Washoe  process  in 
which  the  pan  grinds  and  amalgamates  pulp  after  wet  stamping ;  the  Beese  Biver 
process  in  which  the  pan  amalgamates  stuff  which  has  been  dry  stamped  and 
roasted  with  salt,  and  the  Combination  process,  in  which  the  pan  amalgamates 
with  or  without  previous  grinding,  the  tailings  of  vanners  treating  pulp  from 
stamps  and  amalgamating  plates. 


TABLE   142. — SIZE  OF  STUFF  TREATED  BY  PANS. 
Abbreviations.— B.  W.  G.ssBirmingbam  Wire  Gauge. 


BiUl 
No. 

Medieeper 
Linear  Inch 

Wire. 
B.  W.  O. 

Net  Siae  of 
Holes. 

PSnWork. 

88 
88 
84 

80 
85 
40 

» 
80 
88 

Inches. 
.08 
.0186 
.016 

Amalgamating  only. 
A  itmipinTn^f Jtig  only. 

There  are  two  methods  of  working:  (a)  Intermittent  or  tank  systeiiL  (() 
Continuous  or  Boss  system. 

(a)  In  the  intermittent  system  the  muller  is  raised  to  clear  the  shoes  and  dies 
f  to  i  inch,  then  it  is  started  and  water  and  ore  are  fed  alternately,  until  the 
whole  ore  charge  has  been  fed  and  the  pulp  is  so  thick  as  to  support  the  mer- 
cury well  and  yet  thin  enough  to  flow.  The  consistency  desired  will  depend 
upon  the  design  and  speed  of  the  pan  and  must  be  learned  by  experience.  If 
the  charge  is  to  be  ground,  the  muller  is  now  lowered  to  brin^  the  shoes  and 
dies  into  bearing.  The  charge  is  now  heated  up  by  jacket  or  direct  steam,  or 
both,  to  about  180°F.  (see  Table  143),  and  maintained  at  that  temperatore 
throughout  the  grinding  and  amalgamating.  At  the  Lyon  mill'^  the  pan  was 
heated  to  a  point  just  bearable  to  the  hand  as  higher  heat  was  found  to  volatilixe 
mercury.  W.  0.  Dodd  considers  that  heating  is  unnecessary  and  that  a  normal 
temperature  (60  to  YO^'F.)  is  preferable  to  any  other.  The  grinding,  if  used, 
continues  from  i  hour  to  4  hours  (see  Table  143). 

When  the  ore  is  sufficiently  ground  the  muller  is  raised,  mercury  is  added; 
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amiilgamation  continues  4  to  8  hours.    The  pulp  is  then  diluted  and  run  into 
Use  settler,  and  the  next  charge  is  added- 

Table  143  gives  the  routine  of  amalgamation  as  practiced  at  the  three  com- 
bination mills-  The  action  of  the  chemicals  will  not  be  discussed  here  as  it 
belongs  rather  to  metallurgy  than  to  ore  dressing. 

TABL8  143. — METHOD  OF  RUNNING  5-FOOT  PANS  IN  COMBINATION  MILLS. 

P^srFlkiirQiihfilt;  ftsfeet;  hr»,=liours;  lti.=[Dc]ieR;  ibg.^pounda;  mtii.= minutes;  oz.=ounoev. 


^  Alldtld^  Of  PAH,. 

O«0  ciiarse. , . . . . » 


lidded 

>  of  copper  add«9d. 
;)M^  fHm  borings 

""->*dded.,. 


amdijvi 


fof  grliidiiig..*.... 

»of  dlaeliAci^s,... 

»of  cbAf:s« 

jpertlhourv — ...., 

rof  pM»... 

»  pftas  eli«rg«d. . .  •  • « . 
rofMUloffi... ........ 


Miusa. 


At  sun. 

At  start 

AtStATt. 

AtstArt. 
At  start. 


At  sUn. 


6  And  8  ft 

65 

1  ton. 

(o) 
TOlhe. 
91b«. 
ilb«. 


lOQlbo. 


0 
Iboura. 


iUoun. 


0 


Kretyfl 


brs. 


Mm  88. 


At  start. 


At  start. 
At  start. 
At  Start. 
At  start. 
At  start. 
AfterShrs 


8  hours. 
5  hours. 


6  hours 
3 

S4 
Every  4  hrs 

li 
9atnoDth. 


Mill  84. 


At  start. 

At  start, 
after  30  m  in 
after  45111  in 


after  S^hrs 

At  start. 
After  6  brs. 


5ft.aod8&la. 

IMtoa. 

GOlho. 
Hlb. 
3  lbs. 


00  lbs. 


10 
1  a  moDth. 


(a)  ao  minutes  to  j^t  hot. 

(b)  The  Bo6s  qrstem  places  the  pans  and  settlers  in  a  series  all  on  the  earns j 
d.     The  pulp,  much  thinner  than  in  the  tank  system,  is  fed  from  stamps  toj 
be  first  of  the  series,  flowing  continuously  through  them.     The  feed  and  dis-l 
pipes  are  near  the  tops  of  the  pans  and  settlers.     The  earlier  pans  of  the 
dk>  the  grinding,  being  usually  of  special  design,  the  later  do  the  amalga- 
ation.  and  the  settlers  recover  the  amalgam. 

n  S15.  PowEB,  Weak  and  Losses  of  Iron  and  Mercoby. — The  power  for 
IririDg  a  pan  5  feet  in  diameter,  as  estimated  by  milla  and  manufacturerB,  is 
^tren  in  Table  144. 

144, — ^HOBSB  POWEB  NEEOED  FOR  DRIVINO  PANS  5  FEET  IN  DIAMETER. 


For  Grind- 
tag. 

For  Amal- 
gamatliig. 

MiUSI , ....,» 

6 

4 
8 

E.P.  AlliaCo 

e 
e 

10 

Frsser  A  CbaUnera 

Union  Iron  Works...* 

wear  as  given  by  Egleston*^  for  Comstock  mills  is  as  follows;  Brunswick^ 
[iihoeB  and  dies*  30  days;  Eureka  mill  shoes  and  dies,  30  days;  Stewarfl' 
dioes  and  dies,  3  to  4  months;  Nederland  mill  shoes  and  dies,  5  months; 
practice  the  whole  pan,  3  years. 

irear  as  given  by  Austin**  at  the  Harshaw  mill  using  the  Boss  system  with 
and  dies  to  a  set  for  one  pan,  the  weight  of  a  set  being  1,504  pounds, 
I  as  follow*:  No.  1  pan,  shoes  and  die«  last  13  to  18  days;  No.  2.  pan,  shoea 
_^diea  last  13  to  18  days;  No.  5  pan,  shoes  and  dies  last  18  months. 

loM  of  iron'"  varies  from  one-fifth  of  a  pound  when  the  ore  is  free,  poor 
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and  not  ground^  up  to  25  pounds  where  the  ore  is  base,  rich  and  roasted.  The 
loss  of  iron  when  free  ores  alone  are  ground  is  from  6  to  10  pounds  of  iron  per 
ton  of  ore  for  wear  and  chemical  action. 

In  regard  to  mercury  used,'®  100  pounds  or  more  of  mercury  per  ton  of  ore 
appear  to  be  sufficient  for  the  process  and  the  loss  of  mercury  is  from  i  to  3 
pounds  of  mercury  per  ton  of  ore  treated ;  1^  pounds  is  a  reasonable  loss. 

§  216.  Cost  of  Pan  Amalgamation. — Assuming  that  a  pan  treats  six  charges 
of  one  ton  each  in  24  hours  (a),  the  various  items  of  cost  estimated  from  difiFcr- 
ent  sources  are  as  follows: 

Power, — 4  horse  power  (6)  at  13  cents  (c)  per  24  hours.     8.667  cents  per  ton 
Labored) — 4   pan   men    at   $4.00=$16.00  per  24  hours 
2   pan  helpers  at  $3.00=:$6.00     "     "      " 
10   tank  men  at  $3.00=$30.00     «     "      " 


Total   for   24   pans=$52.00     "     "      '' 
Total  per  pan=  $2,167    "     "       or  36.112     "        -     " 

Chemicals  {e) — 70  pounds  of  salt  per  ton  at  \  cent  per 

pound    35.000     '*        «     « 

2  pounds  of  sulphuric  acid  per  ton  at  2 

cents  per  pound 4.000     «       ^     « 

2  pounds  of  copper  sulphate  per  ton  at 

3.75  cents  per  pound 7.500     "        "     * 

Lo88  of  Mercury. — 1\  pounds  (/)  at  50  cents  per  pound. 75.000     "        "     ** 
Wear. — Pan  weighs  4  tons   {g)   costs  $400.00    (g)    and 

lasts  2  years  (i)  or  2,000  tons  {%) 20.000     "        "     ** 

Shoes,  dies,  etc.,  10  pounds  {f)  per  ton  at  4  cents  per 

pound 40.000     «       «     « 

Oil,  Interest,  Superintendence,  etc.  (t) 10.000     **       **     ** 

Total    236.279     <*        «     « 

of  $2.36  per  ton. 

(a)  From  Mill  88  of  Table  148.  (6)  Average  estimated  from  Table  144.  (c)From  KoiVb  "Mech.  &« 
Pocketbook/'  p.  790.  (d)  From  MiU  88.  (e)  Amounto  from  Mill  88;  prices  from  current  reports.  (/)Tkkflo 
from  Tenth  U.  S.  Census.  •<>    (p)  Taken  from  catalogues,    (t)  Estimated. 

Clean  Up  Pan. 

§  217.  The  clean  up  pan  (see  Figs.  163  and  164),  is  a  small  sized  pan  in 
which  the  sides,  bottom  and  central  cone  are  commonly  all  made  in  one  casting, 
the  bottom  being  very  thick  to  take  the  wear.  To  the  revolving  spider  or  driving 
cone  are  screwed  hard  wood  blocks  (see  Fig.  163),  which  are  well  adapted  to  give 
the  gentle  trituration,  the  special  need  for  which  will  be  referred  to  later.  A 
replaceable  die  ring  is  sometimes  used  as  in  Fig.  164.  As  the  charge  does  not 
rise  above  the  muller  no  attempt  to  obtain  a  systematic  pulp  current  is  made. 
In  other  respects  the  clean  up  pan  is  constructed  and  mounted  much  like  an 
amalgamating  pan.  Another  form  of  clean  up  pan  substitutes  two  rotating 
arms  and  two  drag-stones  for  the  spider  and  wooden  blocks. 

Amalgam  obtained  in  a  gold  mill  may  contain  particles  of  so-called  rusty  gold, 
that  is,  gold  which  is  more  or  less  coated  with  some  sulphide,  arsenide,  or  iron 
oxide.  The  stamping  process  has  cleaned  it  enough  so  that  one  comer  is  amal- 
gamated and  it  has  therefore  been  caught.  It  may  contain  particles  of  pyrites 
including  minute  specks  of  gold  which  are  amalgamated  and  caught  as  above 
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"^^♦iTTi  eimply  enclosed  within  it,  black  satid,  magnetite,  etc*,  cast  iron 
particles  from  the  wear  of  tbc  mill.  All  of  these  substances  make 
laigurn  impure  and  would  bring  down  the  fineness  of  the  gold  brick,  or 
cam  gold  into  the  glag  during  the  melting.  The  clean  up  pan  subjects  amalgam 
to  a  grinding  action  which  is  not  severe  enough  to  ilour  the  quicksilver,  out 
_cracks  the  shelU  off  the  gold  particles  and  uncovers  the  iron,  graphite,  magnetite, 
"'     and  yields:  (1)  Clean  amalgam;  (2)  mud.    The  amalgam  is  strainedj  re- 


r?y 


n 


^ln 


FIG-  163. — 24-lNCH  CLEAN  UP  PAN  MADE  BY 
E,  P.  ALLIS  CO, 


"^i^'" 


^ 


ym.    164* CLEAN  UP  PAN   MAJ>S   BY  BIBDON   IBON 

WORKS. 

ied,  melted  to  a  brick.    The  mud  can  be  settled  in  a  tank,  and  when  enough 

it  15  had,  sampled,  assayed,  and  if  rich  enough,  shipped  to  smelting  works. 

.  or  ivy  silver  millg,  mineral  enclosures  and  partially  amalgamated  particles 

leo  1)6  obtained.     The  clean  up  pan  here  also  refines  the  amalgam  as  above. 

-?  doee  not  deal  with  amalgamated  lead  or  copper,  etc.,  which  form 

ii?.     For  the  partial  removal  of  these  impurities,  the  reader  is  re- 


K*ao:  Am,  tfut  ^fi1l.  Eng„  Vol.  XTIT.  (1B87)*  pp  771,  776,  O,  W. 
Atel,*  Vol.  it  ab7*v  p.  IT].  J  M  Aaains-  E(Tt>el  of  mang^nfise  on  htiltlon:  Eny.  dt  Min,  Jour,  Vol 
.  flMDv  ^  t^'  A  n  n*>d<?(v.  J»r  R*»fT»oYal  of  I*';v1  luid  copper:  Am,  iMt,  Afin.  Eng,,  V*>K  XT  nmn,  p. 
lit,  W.  t^  kn»Un;  ISno,  *f  Min^  Mmr,,  Vol.  XUX  Wmn).  p  ^J.  F.  Jnnin,  Jr.;  Derg  w.  Bvtt.  Z*it,  Vol.  XZV. 
prn^  p.  A,  t.  IDob;  Hfv.  (Us  MfMvt.  Vol.  XXXI.  (llr^g^  p.  480«  Foii>eoft. 
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Details  of  clean  ap  pans  and  their  uses  are  given  in  Table  145.  The  Bisdim 
Iron  Works  make  clean  up  pans  18,  24,  36,  48  and  60  inches  in  diameter.  The 
power  required  for  a  pan  4  feet  in  diameter,  making  30  revolutions  per  minate 
18  li  horse  power.** 


TABLE    145. — CLEAN    UP   PANS. 
Abbreviations.— In. = inches;  Liq. s liquid;  Min.= minute;  No.= 

:niunber. 

i 

Diam 
eter. 

Depth. 

Rerolu* 

tions 
perMin. 

Qrindora. 

Mercury 
Charged. 

Time  of 
Charge. 

Feed. 

Frodnci. 

»--*. 

57 

In. 
M 

80 

00 

88 
88 

80 
80 

Inches. 
18 

10 

18 
18 

18 
18 

90 
94 
80 

60 
60 

60 
60 

Pounds. 

Hours. 

Foul  amalgam. 

Heavy  sand.  Amalgam 
from  clean  up. 

Amalgam  from  chuck- 
blocks,  apron  plates, 
sluices,  mortar,  old 
shoes,  dies  &  screens. 
Heavy  sands  from 
curtain    and     riffle, 

Foul   amalgam    from 
sluice  plates. 

Howland  riffles,  and 
cleaning  up  amalga- 
mating pans. 
Amalgam      scrapings 

pans. 
Heavy  sand  and  amal- 
gam from  pans  and 
traps. 

Liq.   amal- 

6SS: 

AwmlgMW 

liSKo 

Mud. 

Pulp.'' 
mzed. 

58 

Two  drag- 
stones. 

Reeular  com- 
bination 
panshoes.  ; 

4 
8 

Sepaniorbab 
off. 

86 

88 

600 
to  700 

88 

B^pi. 

83 

84 

9 

Sflttlon. 

(a)  This  mud  is  sampled;  if  rich  enough  it  goes  to  smelter,  otherwise  back  to  batteiy. 


Orist  Mill  or  Buhrstgne  Mill. 

§218.  The  Grifit  mill   (see  Fig.   165),  is  called  Buhrstone  mill  when  the 
French  roughs  silicious  stones  are  used.     It  consists  of  two  horizontal  stone  difics 

AB,  of  which  either  the 
upper  A  or  the  lower 
B  revolves  concentrically 
against  the  other  stii- 
tionary  disc  In  Fig. 
165  it  is  the  upper  diK 
which  revolves,  being 
driven  from  the  shift 
F  by  the  horizontal  arms 
0.  The  material  to  be 
ground  is  fed  through  a 
hole  D  in  the  center  of 
the  upper  disc  and  pass- 
ing outward  between  the 
stones,  is  ground  during 
the  passage  and  dis- 
charged at  the  circnm- 
ference  E.  The  material 
is  pulverized  by  a  true 
grinding  action. 

Holmes  &  Blanchard 
of    Boston,     who    have 


FIG.  165. — half  section  and  half  elevation  of 
buhrstone  mill. 


made  a  specialty  of  this  mill,  make  nine  sizes,  ranging  from  16  to  42  inches  in 
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^■f  Fnjicli  lmhrgton<>s,  requiring  from  U  to  15  llorsp  powfT  hthI  rovnlv- 
Wli75  times  per  minute  respectively.  Their  42-inch  mill  has  tilonc\s  8 
Inck,     The  eye  D  iii  the  upper  stone  is  8  to  10  inclies  in  diameter.     8ix- 

teen  to  twenty  nuiin  furrowg,  with 
about  two  branch  furrows  each, 
are  cut  in  the  two  grinding  sur- 
faces, oblique  to  the  radius,  ruD- 
tiing  from  the  eye  to  the  circum- 
ference (see  Fig.  166),  The 
outer  part  of  the  furrows,  lagging 
behind  the  inner  part,  causes  the 
particles  to  be  drawn  outward 
and  ground  as  previously  de- 
scribed under  anialgii mating  pans, 
§  211,  They  are  J  to  |  inch  deep 
and  2  to  3^  inches  wide,  deepest 
at  the  edge  which  first  reaches 
the  particle  and  tapering  to  no 
depth  at  all  at  the  other  edge. 
These  mills  revolving  400  to  425 
times  per  minute,  grind  24  to  36 
tons  in  24  hours  to  60  mesh*  In- 
stances are  given  of  1^  tons  of 
^m  hard  white  quartz  per  hour  to  60 

^■2*inch  mill  running  at  340  revolutions;  another  of  l|  tons  of  hard 
^Ker  hour.  The  stones  require  dressing  every  10  to  14  days.  For 
Hiig  of  hard  substances  they  will  wear  18  to  20  months;  on  soft  ores 
^at*t  ten  years. 

lat  says  a  mill  4  feet  in  diameter,  making  100  revolutions  per  minute, 
,376  pounds  from  10  mesh  through  60  mesh  in  24  hours.     Sahlin  gives 

» twenty-four  hours  as  the  capacity  of  a  Buhrstone  in  grinding  talc, 
TBe  power.    The  stones  last  two  to  three  years  and  are  dressed  every 

aill  18  driven  by  pulley,  horizontal  shaft,  beveled  gears  and  vertical 
bich,  when  driving  the'  upper  stone,  passes  up  through  the  lower  mill 
i  is  attached  to  the  eye  of  the  upper  by  radial  arms  upon  the  shaft  and 
in  the  stone,  or  when  driving  the  lower  stone,  is  attached  to  it  by  arms 
.  and  notches  in  it.  Granite  stones  are  used  for  softer  substances.  The 
SB  well  on  soft  substances*    The  proper  size  of  feed  is  about  i  inch  in 
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The  Rock  Emery  Mill. 


This  mill  made  by  the  Sturtevant  Mill  Co.,  works  upon  the  same 

as  a  Bulirstone,  but  it  uses  emery  instead  of  quartz,  as  the  material  to 

li  the  wear.     The  millstones  are  mounted  to  run  either  horizontally  or 

r.     A  vertical  mill  is  shown  in  Fig.  167. 

ij  known  that  the*  skirt  or  outer  margin  of  buhrstones  wears  faster 

These  atones  correct  that  difficulty  by  having  an  eye  of  buhrstone 

:>f  emery  (see  Fig,  168).     This  emery  millstone  is  prepared  with  an 

|6hell  into  which  are  placed  large  blocks  of  emery  which  are  laid  as 

ad  an  eye  of  buhrstone,  and  slabs  of  eandstone  on  edge  are  placed  in 

DUgh  the  emery  skirt  corresponding  to  the  furrows  of  tte  Wcii&Vx^Xi!^% 


^54 
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then  the  mcKcd  mela^zihc,  bronze  or  iron)  is  pourt'd  arouTMl  Oie  bhuks  uf  emcr)' 
and  Eund^tojic,  fcisteniDg  them  firmly  in  their  places.  Such  metal  filling  k  usi'd 
as  is  beyt  adapted  to  the  chiss  of  grinding  required.  Tliese  millstones  ncfti 
but  little  dressing,  the  furrows  are  easily  opened  because  tbey  are  made  of  softer 
material  than  the  rest. 


p-: 
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FIO*  1B7. — SECTION  OF  VEHTICAL   ROCK  KMEHY  MILL  WITH   MILL8T0NBB 
AND  PULLEY   REMOVED. 


Rock  emery  millstones  are  run^  as  before  stated,  in  vertical  or  horizontal  milliL 
The  stones  set  to  run  vertically  have  a  horizontal  shaft  and  the  stones  set  to  run 

horizontally  have  a  vertical  shaft 
The  horizontal  mill  is  driven  by  ft 
horizontal  pulley  on  the  vertical 
shaft  below  the  millstone. 

Rock   emery  millstones  are  cou- 
structed  in  four  sizes,  36,  4'3,  48  and  , 
54  inches,  to  fit  any  grist  mill  frame, 
either  as  upper  or  under  ninnen*,! 
but    the    manufacturers    make   the! 
horizontal  mills  only  as  under  rtia- 
ners  with  42-inch  millstones.     Their! 
running  stone  is  firmly  secured  taj 
the  vertical  shaft  and  the  face  of] 
the  upper  stone  is  held  automatical- 1 
ly  in  exact  pnrallelisni  vdth  the  fa^«] 
of  the  running  stone.      Details  ofj 
horizontal  mills  using  rock  eroery| 
millstones  are  given  in  Table  14 
For  a  42-inch  mill  the  stones  ~ 
$200  per  pair  and  last  about' 
year.    The  mill  does  not  require  J 
other  repairs  to  speak  of. 
Where  the  millstones  are  set  vertically,  one  stone  only  revolves,    Thia  is 
pressed  against  the  stationary  stone  by  a    regulating  screw.    Vertical  mills 
nmde  in  four  sizes.     Of  these,  the  figures  on  16-inch  and  30-iuch  mills  are  giveal 


TIQ,   168. — BOCK   EMi^RY   MILLSTONE. 
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TABLE   I  iC. — HORIZONTAL  MILLS. 


rXlaute. 


ttaCorial  Crushed. 


Sbwor 


Shwof 

CApacily  per 

enifihed  Rock. 

SsTHourT 

Mesh. 

Ton*. 

00 

30 

flO 

94 

60 

Itt 

00 

AA 

00 

SO 

64 

Hurse 
Povrer. 


PhosphAtorook.. 
Pnrtland  cemeot* 

•k 

'  rock.. 

'  emoot. 

Hani  rock  ..,.,.,, 


Inch«a 


T 


From  %  xo  I  least  capacity  tbau  42-iiich  uutler  njumera,  and  use  80  to  fiu  horae  pu\ver. 


TaUlf  1 17,  Tlie  figures  for  the  20-  and  24-inch  sizes  range  between  tliese. 
ftones  for  vertical  miUs  cost  from  $60  to  $125  per  pair  and  wear  from  eight 
b  to  two  jears, 

TABLE    147. — VEBTIOAL   MILLS. 


SvvolitOoiifl 
per  Minute. 


1,/QOO 


fiSO 


Material  Cnulied. 


LJtluLri^....f .. 
BumlMeo....*... 

Marble ^...,« 

Oypeoin 

Pho^tkate^..*... 
trtxi  oxide..*.*.. 
Sulpliate  of  «oda, 


Slwof 
Feed. 


Size  of 
Cnifibed  Hock. 


Capacity  per 
U  Hours. 


Horse 
Power 


llstoneB  nurning  vertically  can  be  run  at  high  speed  and  are  rapid 
of  moderately  bard  materials ;  but  millstones  running  horizontally 
pable  of  reducing  much  harder  rock  and  crush  finer  than  the  vertical  mills, 
^t  80  rapidly. 

I  machine  is  adapted  for  crushing  ^  to  -^  inch  grains  down  to  60  to  100 
The  finer  the  product  desired,  the  smaller  should  be  the  graint?  fed  for 
Iwork. 

CuMMiNos  Ore  Granulatixo  Mill. 

Thie  is  a  vertical  disc  concentric  grinder.    An  annular  disc  36  inchea 
oeUTj  making  1,000  revolutions  per  minute  on  a  horizontal  shaft,  pre^soil 
Itationary  annular  disc  within  \  to  |  inch  of  it,  reduces  IJ-  to  2-inrh 
to  yV  i^^'^  diameter,  the  wear  being  taken  up  by  a  feed  screw.     Both 
;  furrows  dressed  on  them,  similar  to  those  of  a  Buhrstone  mill.     The 
fby  a  hopper  through  the  stationary  disc  and  discharges  all  around  be- 
be  discs.     A  smaller  mill  crushed  1-inch  cubes  of  cement  clinker  to  wheat 
nite  of  20  tons  per  hour,  consuming  50  horse  power.     The  coat  of  re- 
fvearing  plates  was  $10  per  month. 

*'Kbgelm0hlb,**  Cone  Mill  or  Coffee  JI^Iill. 

This  mill  (see  Figs.  169a  and  169&),  has  been  for  many  years  a  stand- 

rhine  in  Europe  for  grinding  coal,     It  consists  of  a  fixed,  open,  cylindrical 

\nB  a  di^.  nnd  u  closed  conical  ring  ^revolving  conrentrically  within  it.  as 

jd  The  axes  of  cylinder  and  cone  are  both  vertical;  the  annular 

tar  ATiwnrd,     Fpon   both  surfaces  are  placed   cutting  knives  or 

downward  and  forward  in  the  direction  of  revolu- 

th.     ..  -,  .-..-       ,  :..:ird  and  backward  on  the  die.     This  provision  is 

it  choking  of  the  machine  demanding  excess  of  power  and  packing  of 

»-*nTen  the  cutters,  which  might  stop  the  grinding  altogether. 

I  ft  s  is  hung  in  a  i'U'^j;\  li'Oow  and  a  bearing  abo^e,  uixS  \s»  ^wcii 
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by  bevel  gears,  horizontal  shaft  and  k4t  pulley.  The  cylinder  is  42  inches  inside 
diameter  and  18  inches  liigh.  The  cone  is  39  inches  in  diameter  below  and  U 
inches  at  the  top.  The  cutting  knives  or  teeth  are  of  five  different  lengths,  all 
reaching  the  bottom,  but  extending  up  different  distances  according  to  their 


FIG.     169a. — ELEVATION     OP 
CONE  MILL. 


WG.  1696. — SECTION  OP  CONE  MILL 


lengths.  They  project  out  25  inches  at  the  top  and  taper  down  to  0.4  inch  at 
the  bottom.  Both  of  these  provisions  facilitate  the  reception  of  the  larger  lumpa 
at  the  top  and  the  grinding  of  the  smaller  at  the  bottom.  To  complete  the 
grinding,  the  annular  space  is  prolonged  4  J  inches  with  rings  g^  having  fineo(»> 
rugated  surfaces  which  take  the  hardest  wear  and  are  therefore,  replaceaUe 
The  step  below  has  a  vertical  adjustment  for  taking  up  wear  and  regulating  siie 
of  product. 

The  machine  is  not  adapted  to  crushing  hard  substances  as  the  wear  is  exces- 
sive, but  has  been  found  advantageous  for  coal.  A  3J-foot  mill,  running  at  12 
to  16  revolutions  per  minute,  crushes  soft  coal  from  6  inches  diameter  down  to 
i  inch  diameter  at  the  rate  of  184  tons  per  24  hours,  using  3  horse  power.  The 
corrugated  rings  last  8  to  14  days.  The  shoes  and  dies  above  last  3  to  6  montha. 
The  machine  can  be  run  wet  or  dry. 

Sample  Gbindeb. 

§  222.  This  is  a  cone  mill  (see  Fig.  170),  capable  of  receiving  lumps  of  1  indi 
diameter  and  of  grinding  them  down  to  |  to  ^  inch  in  diameter  or  even  to 

by  one  passage  through  the  milL  The 
coarser  the  finished  product,  the  more  rapid 
is  the  work. 

The  vertical  shaft  is  driven  by  beveled 
gears  and  pulley  below,  and  stands  upon  a 
movable  step  which  is  raised  by  a  lever  and 
hand  screw,  giving  a  quick  adjustment  of 
size  of  space  between  the  revolving  cone  or 
shoe  and  the  fixed  ring  or  die,  and,  there- 
fore, of  the  size  of  crushed  grain.  The 
coarser  crushing  is  done  by  slight  corrugi-' 
tions  or  teeth  upon  the  upper  parts  of  the 
shoe  and  die,  while  the  lower  parts  are  smooft 
and  complete  the  crashing  by  a  simple  grind- 
ing action.  It  is  nsoal  to  put  the  sample 
SIG.  170.— SAMPLE  GRINDER.         throuffh  several  times,  setting  the  smfaoei 
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«ch  time,  and  sifting  oni  the  Gne  oro  after  each  passage.     The  hopper, 
and  fihoe  can  be  taken  out  and  cleaned  at  a  moment's  notice  before 
g  a  Dew  batch.    With  some  ores  this  cleaoiDg  is  best  done  by  grinding 
jartz  in  the  mill. 

ity  is  small  as  it  is  only  intended  for  laboratory  Bample8,  but  it  is 
\y  handy  little  mill  for  its  purpose^ 
mill  is  figured  and  described  in  the  catalogues  of  most  of  the  manufac- 
f  mill  machinery.  As  niade  by  Fraser  &  Chalmers,  it  requires  3  horae 
the  coue  revolves  150  times  per  minute;  the  total  weight  is  500  pounds, 
wing  sizing  test*  of  chalcopyrite  and  caleite  ground  by  a  sample 
pass  through  a  20-mesh  screen  shows  the  quality  of  its  work:  On 
[over  0.85  mm.),  1.2%;  through  20  on  24  mesh  (0.85-0.708  mm.), 
igh  24  on  30  mesh  (0,708-0.535  mm.),  5.5% ;  through  30  on  40  mesh 
B*^in.),  13.3% ;  through  40  on  50  mesh  (0.374-0.279  mm.),  10.0% ; 
60  mesh  (0.279-0.232  mm.),  ^A%  ;  through  GO  on  70  mesh  (0.232- 
),  4.1%;  through  70  on  80  mesh  (0.197^0.171  mm.),  IS%\  through 
0  mesh  (0.171-0.155  mm.),  5.3%;  through  90  on  100  mesh  (0.155- 
),  6.C% ;  through  100  on  120  mesh  (0.139-0.110  mm.),  2.1% ;  through 
150  mesh  (0.110-0.093  mm.),  3*2 7o ;  through  150  mesh  (0.093  mra.-O), 
total,  100.0%. 

Hebebli  Mill* 

.'^This  machine  crushes  by  the  grinding  action  of  two  revolving,  vertical 
'l^are  placed  eccentric  to  each  other.     Its  chief  field  is  grinding  jig 

this  country  the  discs  are  of  cast  steel  and  are  30  inches  in  diameter 
i  thick  with  the  center  part  made  cellular  to  help  it  wear  ahead  of  the 
ry.  These  discs  are  mounted  upon  fianges  of  the  same  diameter,  and 
on  horizontal  shafts  with  two  boxes  and  one  pulley  each,  the  one  slightly 
e  to  tlie  other,  adjusted  by  sliding  the  boxes  of  one  of  the  shafts.  The 
disee  we  housed  in  a  sheet  iron  housing  with  a  delivery  spout  below.  The 
re  driven  at  varying  speeds,  sometimes  in  the  same  and  sometimes  in 
&  directions.  The  ore,  of  the  size  of  peas  or  wheat,  is  fed  with  water 
I  the  center  of  one  of  the  shafts  by  a  worm  feeder.  Tlie  ground  ore  comes 
lie  periphery  from  between  the  discs. 

)Te86ure  for  crushing  and  also  the  movement  to  take  up  wear  of  the  discs, 
I  obtained  by  the  use  of  a  rack  pressing  against  the  end  of  the  solid  shaft, 
by  a  pinion,  a  dnim^  a  chain,  and  a  heavy  weight.  This  gives  a  con- 
refiEore  of  any  desired  amount. 

tr  4  Chalmers  make  a  Heberli  mill  (see  Figs.  171a  and  1716),  which 
Ugbtly  from  the  preceding.  The  worm  feeder  is  omitted  aud  the  rack 
lion  are  replaced  by  a  rubber  spring.  The  figures  show  the  two  discs 
any  eccentricity,  but  they  are  given  a  small  eccentricity  before  starting 
L 
^  ttses  two  Heherli  mills  fed  with  jig  middlings   ^  inch  to  0  in 

Ring  of  copper  bearing  conglomerate  rock.  The  mills  reduce  this 
ut  'i^n-^^^'h  maximum  grain,  guided  by  a  testing  hand  sieve.  The 
ation  of  the  many  tried  was  to  drive  one  shaft  forward  300  revolu- 
nute.  the  other  backward  at  60,  by  open  and  crossed  belts  respectively, 
t9c  an  en^entrieity  of  1  inch.  They  are  fed  by  large  hopper  and  bucket 
delivering  to  the  screw  feeder.    The  capacity  of  each  is  33  tone  in  22 
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lollowg:     The  wear  of  steel  was  4  pounds  per  ton  of  pulp  ground. 


CftltitTH^t  Mill. 

HeclA  MUi 

OnlOiaetth 

Through  10  on   ]flm«ali... 
Tbrouf  h  IG  on  30    *'     ... 
Tlirou«l»80oQ   eo    "     ,*. 
Tlirough  eo  on  100    «     ,.. 
Tlirougb  lOO  meah.*..,,... 

^8 
40.« 
90.1 

S:l 

16.4 

100.0 

100<0 

find  favor  in  Mill  44  portly  on  account  of  their  capacity  and  com- 
>  but  chiefly  on  account  of  their  ability  to  crush  and  prepare  the  native 
so  thii?  difficult  product  for  jigging. 

arent  form  used  in  Germany  drives  but  one  disc,  the  other  runs  in  the 
irection  by  friction.  Thegc  machines  have  springs,  screws  and  hand 
for  setting  up  the  pressure.  The  center  parts  of  both  discs  have  a  line 
ets  arranged  spirally  from  the  center,  to  advance  the  ore  and  to  enable 
)er  to  wear  in  advance  of  the  periphery.  These  also  cause  a  suction  which 
the  machine  to  be  ran  without  a  worm  feed,  A  machine  at  Ammeberg, 
,•*  treating  galena  and  blende  finely  disseminated  in  quartz  and  horn- 

with  discs  revolving  300  times  per  minute,  crushes  30,624  pounds 
\  kiloii)  per  24  hours,  frura  4  to  2  mm*  down  to  1  mm.  Twelve  steel  discs 
;welve-huur  shifts,  wearing  from  204  pounds  (120  Idlos)  each  new  to  30,8 

(14  kilos)  old,  crushed  6,003,552  pounds  (2,756,160  kilos)  of  ore,  cor- 
ing to:  0.5223  kilo  gross  of  steel  woru  per  1000  kilos  ore  ground,  (L044 
per  2,000  pound  ton),  and  0.4614  kilo  net  of  steel  worn  per  1000  kilos  ore 

(0,^22  poundfl  per  2,000  pound  ton).  Repeated  experiments  show  about 
inch  (20  to  25  mm.)  to  be  the  best  eccentricity.  Water  used  is  about 
DBS  (20  liters)  per  minute. 

lower  required  at  Przibram*  for  a  two  disc  mill  is  2^  to  5  horse  power. 
ill  crush  the  following  quantities  per  24  hours:  21,120  pounds  (9,600 
rom  4  mm.  to  2  mm. :  10,032  pounds  (4,560  kilos)  from  6  mm.  to  2  mm. ; 
ounds  (4,080  kilos)  from  9  mm.  to  2  mm. 

Bch  describes  another  form  with  three  discs,  one  large  disc  74.8  inches 
iamcter,  revolving  twice  per  minute,  and  two  small  discs  about  27.9 
mm.)  diameter,  revolving  250  to  300  times.  This  form  is  sometimes 
d  double  with  the  pressure  of  one  opposed  by  the  pressure  of  the  other- 
%  disc  mill  uses  31  metric  horse  power  or  5J  for  a  single  disc.  Capacity, 
md  water  for  the  three  disc  mills  are  about  double  that  required  for  two 

jnmeberg,  Sweden,  where  the  ore  is  galena  and  blende,  finely  disseminated 
tx,  this  three  disc  machine  crushes  2,200  pounds  (1,000  kilos)  per  hour, 
318  twelve-hour  shifts,  cru,?hecl  8,395,200  pounds  (3,816,000  kilos). 
rgie  st^l  disc  wore  from  1,373  pounds  (624  kilos)  down  to  101.2  pounda 
j>-i)  and  ten  smaU  steel  discs  wore  each  from  198  pounds  (90  kilos)  to  22 
(10  kilos),  giving  0.788  gross,  or  0.733  net  pounds  worn  per  ton  of 
oond^*  Using  discs  cast  from  scrap,  the  wear  was  0,826  pounds  per  ton 
0.749  pounds  net. 
T  re<4uired  at  Przibramf  for  a  three  disc  mill  is  given  in  Table  148. 

jAinSS    BOOARDUS    ECCBXTRIC    MiLL. 

i.  Thif  mill  invented  in  1832,  consists  of  two  circular,  horizontal  grind- 
ktes,  the  lower  attached  by  ft  flknge  to  a  vertical  driving  shaft,  the  upper 


^ «.  B9tt  Jahrh.,  VdL  XXXI.  (183S),  p.  atR.    ilbid. 
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TABLE  148. — POWER  FOR  A  THREE  DISC  HEBERLI  HILL. 


ii2S 


Horse  Power 
Used. 

Capacity  per  94  houra. 

Size  of 

Product. 

6to8 
6to8 
6to8 

Pounds.        Kilos. 
68,080           90,400 
81,680           14.400 
96,400           19,000 

Mm. 
4 
6 
9 

Mm. 

9 
t 
t 

placed  eccentric  with  the  lower,  running  in  a  bearing  in  the  cover  of  the  mill, 
and  driven  by  the  friction  with  the  lower  plate.  Power  is  applied  either  by 
pulley  on  the  vertical  shaft  or  by  pulley  on  a  horizontal  shaft  with  bevelled  geaxs 
transmitting  to  the  vertical  shaft. 

The  mill  has  the  advantage  over  concentric  mills  that  no  two  parts  can  come 
in  contact  consecutively,  and  hence  the  plates  will  wear  evenly.  The  eccentricity 
also  causes  an  even  feeding,  crushing  and  discharging  of  the  particles  Tbe 
eccentricity  when  grooved  plates  are  used^  causes  also  cutting  action  upon  the 
material  to  be  crushed. 

The  mill  is  made  with  a  variety  of  grooved  or  smooth  plates,  according  to  tb 
work  to  be  done.  The  mill  is  fed  through  a  hole  in  the  upper  plate  uid  dii- 
charges  at  the  periphery  of  the  plate.  Pressure  is  maintained  by  a  wei|^  and 
levers  acting  upon  the  bottom  of  the  vertical  shaft.  It  is  used  for  grinding  fa>- 
tilizers,  drugs,  etc.  There  are  five  sizes,  numbered  from  2  to  6  inclusive.  Na 
2  takes  3  horse  power  and  No.  5,  8  horse  power.  No.  2  is  run  from  300  to  800 
revolutions  per  minute  and  crushes  from  2  to  8  tons  of  bones,  fire  brick  or  day 
in  10  hours. 

Ball  Mills. 

§  225.  The  Bruckner  Ball  Mill  was  the  parent  form  of  the  OriisoD  biD 
mill  and  consisted  of  a  cylinder  revolving  on  a  horizontal  axis  with  die  plate 
around  the  circumference.  The  ore  ground  by  balls,  passed  out  throoffo  tb 
spaces  between  the  die  plates  and  fell  upon  a  screen  surrounding  the  cyUndet 
The  oversize  of  this  screen  was  carried  back  to  the  feed  spout  by  spiral  end  ele- 
vators while  the  undersize  was  discharged  into  the  bin. 

The  Gruson  Ball  Mill*  (see  Figs.  172a  and  1726),  is  a  cylindrical  mill 
revolving  on  a  horizontal  axis.  Inside  it  are  many  chilled  iron  or  steel  balls  of 
different  sizes.  The  ore  is  ground  by  the  attrition  of  the  balls  against  each  othff 
and  against  the  die  ring.  The  die  ring  is  composed  of  five  perforated,  spii^r 
chilled  iron  plates  arranged  so  that  each  laps  the  next,  which  by  forming  stqi^l 
give  the  balls  a  drop  from  one  to  the  next,  and  furnish  a  space  beneath  the  '^' 
for  the  return  of  the  oversize  of  the  outer  screens.  Outside  the  die  plate  ii 
coarse  perforated  screen  to  take  the  wear,  in  five  parts  with  spaces  between, 
again,  outside  that  is  a  fine  gauze  screen.  A  deflector  or  shovel  is  placed  at 
end  of  each  section  of  fine  screen  to  convey  on  its  upward  journey  the  om 
of  the  screens  back  into  the  grinding  space.  The  ore  is  fed  through  a  hopper 
one  end  and  is  discharged  through  the  screens.  The  cylinder  is  enclosed  in 
plate  iron  housing  with  a  discharge  spout  below.  The  mill  is  driven  by 
and  pinion  with  tight  and  loose  pulleys.  The  mill  can  be  run  wet  or  diy  a 
suitable  for  fine  grinding  of  cements,  fertilizers,  clays  and  soft  ores.  With  h 
ores  the  quartz  grinds  the  balls  too  much.  It  is  fed  with  egg  size.  Theie  i 
eight  sizes  of  mills  of  which  three  are  given  in  Table  149.  

^ThlH,  Id  ita  latest  improred  form,  is  called  the  Knipp  ball  mill  aiidismaDufactnreibymed.fi 
OrOsonwerk. 


lAI  Mov  OkAifilto  kiloe^  Ho.  S  ban  900|  aikI  No,  4  has  eeOdJrldod  «■  sliovrii,  as  mixed  atxes  do  better  thAO  one 

par  of  ball?  from  gnncling  102,400  barrels  of  ceinent  was  1,345  kilos.     As- 

barrel  to  weight  415  pounds,  this  gives  0.139  pounds  of  metal  worn 

ille  per  ton  erushed.     The  pnd  plates  last  18  raonths. 

rsKiscu  Bajx  Mill  is  similar  to  the  Griison  and  is  used  by  the  Coramon- 

liniiig  and  Milling  Co,  at  Puarce,  Arizona,  for  grinding  gold  and  diver 

itory  to  pan  amalgamation.     The  plant  consists  of  three  No.  5  ma- 

ag  cylinders  2,210  mm.  in  diameter  and  1,030  mm,  long,  and  one 

iine  having  a  cylinder  I.HIO  mm.  in  dinmcter  and  800  mm.  long. 

<»f  Iho  whole  pliint  is  about  80  tonp  in  24  hours,  Hie  No.  5  machines 

al  23  tons  each  in  24  hnnrs.     The  size  of  the  material  fed  is  about 

in  ilintM''b*r;  ilir  prodiirt  pus-sr;^  tlmniLfh  n   lO-nusb  s<t<v'tk     One 

ia  required  to  tend  (he  four  machines.    The  power  is  estimated  at  5  horse 
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and  has  at  one  end  a  gear  wheel  5  driven  by  pinion  4  and  pnlley  1-  Through 
the  gear  trunnion  a  shaft  20  passes  and  on  the  inner  end  is  keyed  an  indicator 
yoke  16  and  on  the  outer  end  an  index  pointer  22.  Through  the  opposite  hollow 
trunnion  a  tube  33  fed  by  hopper  31  and  water  jet  39,  brings  in  the  ore.  A 
water  jet  38  is  played  on  the  outside  of  the  screen  near  the  top  to  clear  it  For 
dry  crushing  the  two  water  jets  are  left  out.  A  plate  iron  housing  40  riveted 
together  encloses  the  whole  machine  and  delivers  the  pulp  in  a  spout  below.  The 
indicator  yoke  16  is  acted  upon  by  the  rollers.  When  the  machine  is  under  fed, 
the  rollers  oscillate  back  and  forth,  which  state  of  things  is  shown  by  the  indei 
pointer.  By  placing  a  cam  on  the  pointer,  an  automatic  feeder  may  be  proyided. 
Wagoner^^'  gives  the  capacity  of  the  large  mill  as  12  tons  in  24  hours,  cnuh- 
ing  through  a  20-mesh  screen.  He  gives  the  following  sizing  test  of  the  palp: 
Through  35  on  50  mesh  (0.45  to  0.305  mm.),  68.5%;  through  50  on  60 
mesh  (0.305  to  0.255  mm.),  13.5%;  through  60  on  100  mesh  (0.265  to 
0.176  mm.),  14.6%;  through  100  on  120  mesh  (0.176  to  0.120  nun.),  6.6%; 
through  120  on  150  mesh  (0.120  to  0.075  mm.),  3.0%;  through  16l)  meih 
(0.075  nmi.  to  0),  5.0%.  The  sizing  test  shows  that  this  machine  ranks  vexy 
high  as  a  non-sliming  crusher.  The  wear  of  iron  is  about  the  same  as  that  of 
gravity  stamps.  It  is  especially  adapted  to  crushing  gold  ores  where  the  sliming 
of  tellurides  is  to  be  avoided  and  concentration  is  the  chief  method  of  benefid- 
ation. 

Clean  Up  Barrels. 

§  228.  "In  cleaning  up  the  mortars  and  mercury  traps  of  gold  stamp  milli^ 
much  valuable  amalgam  is  found  mixed  with  quartz,  iron  and  other  foreign 
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PIG.   174. — CLEAN  UP  BARBEL. 

matter.  These  cleanings,  upon  being  placed  in  the  clean  up  barrel,  with  addi- 
tional quicksilver  and  cast  iron  balls,  are  thoroughly  ground  and  worked,  the 
amalgam  being  taken  up  by  the  quicksilver  and  separated  from  the  waste 
matter."* 

They  work  intermittently,  receiving  a  charge,  grinding  it  for  a  specified  time 
and  later  discharging  it.  They  are  ball  mills  consisting  of  plain  iron  cyUnden 
revolving  on  horizontal  axes  (see  Fig.  174).     Heads  carrying  the  trunnions  or 

*  From  oataloisuQ  QlTultwi  VAsMcmorUie  Worki. 
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^Hn  bolted  to  the  flanged  ends  of  the  cylinders.     They  arc  gometimes       V 
H^^ffiicct  pulleys,  eoraetim^s  by  pinion  and  gear.     They  arc  generally        ■ 
ed  with  a  manhole  on  one  side  and  a  hand  hole  on  the  other.     Both  are        H 
\  by  covers  flush  with  the  inner  surface  of  the  cylinder,  made  tight  with        ^| 
r  gaskets  and  held  in  place  by  screw  clamps.    Sometimes  one  opening  only       ^| 
d-     A  few  large  spherical  balk  of  chilled  cast  iron  are  used.     A  barrel       ^| 
es  21  horse  power  when  running  at  30  revolutiona  per  minute.    Figures       ^| 
Umc  ball  millB  are  given  in  Table  152.                                                         ^^H 

TABLE    152. — CLEAN   UP  BARRELS,                                                      ^^H 
Abbrevtatlmis,  —C.  1. = Cust  Iron ;  Ft. = f «t;  In.  s=  Inches;  Lbo, = poundB;  No.  =NiiTOber.                      ^^^H 

i 

i 

|^'t^hz''t>.4  L  i 

Iron  BaUs. 

Fed  by 

Product  goes  to 

Time      ^^1 

Of     ^^B 

Treat-    ^^H 

ment.     ^^^H 

1-.== 

-rT 

ji 

II 

1 

m 

n. 

•••• 

4 

1 

4 
f 
i 

In. 

to 

IJL 

In, 

Id. 

lu. 

80 
75 

6tolO 
(if)l« 

Lbs. 

15 
1E> 
88 

Block    Band    from 
vartoua  mftcbio^R 

U«AT7  sand   front 
twittery,  plftteb 
and  traps. 

Battery  residue 
and    stuff    from 
mercury  traps. 

LikeMiUTa ,. 

Yields  amaljcazn 
and  tadiUKU  treat- 
©d  by  chlorina- 
tion  f>r  cyanide. 

IIoHi[*d  out  to  a 
mcichaolcal  batoft 

dteAn  UD  nan ..... 

Houni.            H 

:  J 

M 

U 

48 
SI 

•  >  .  • 

4 

9 

«»•» 

«*  1 » 

Like  Mm  73. 

S8to4«          ^ 

9 

16 

14 
14 

M)  13 

28 

Stuff  from  battery 
clean  up  and  mer- 
ciiry  trap. 

See  text «...  41 .... . 

See  t€ixt..>i .  ......  r 

^  t4>46  ^^H 
26  to  46  ^^M 

^ 

36 
86 

S 
8 

Hrsi 

Heada  from  carp4?t 
tables. 

Amalgamated 
plates. 

B«nl  rourn^                 <h)  Adds  tk  little  aulphurio  auid  to  char^t*.    (c>  Hand  hole,  S  Inebea  dlnroeter,  ^^H 
19  Iron,    t                     1,4  iiiCljM  diamt^bor,    (/>  Kllipiical  manhole,  18x18  iDches;  dlscharfre  hole,  IH  ^^^| 
llfiial«r.    '                   y h)  After  U  liours  add  1  to  1  }^  pio  ta  sulphuric  ftcld ;  of ler  21  boun  add  mercurjr  ^^^H 
Iw.    (0  With  euds  tKiiUed  io.                                   ^ «             r                                                                  ^^^^ 

Mills  65,  73  and  74  the  feed  la  the  bottom  eand  from  the  twelve  Btamp  ^^B 

ire,  sulphurets  from  the  clean  np  room,  und  nniioished  settlings  from  the        H 

settling  tank  of  the  previous  run.     The  charge  is  put  in  with  balls,  and        H 

a  flagk  of  mercury  (76^  pounds)  and  with  water  enough  to  cover  over  the        H 

to  a  depth  of  12  inches.     The  doors  are  clamped  and  locked.                               H 

p  discharging  is  done  by  opening  the  manhole  when  on  top.     Water  is  run        H 

th  a  ho&e  to  flush  out  the  fiiiest  ot  the  mud  to  a  catch  hopper  beneath.     The        H 

iti  thi?n  stopped  and  the  IJ-inch  hole  at  the  bottom  is  then  opened.     The        H 

;ani  and  pulp  are  drawn  off  into  buckets  which  go  to  the  clean  up  room.        H 

intch  hopper  takes  the  overflow  of  these  buckets.     A  man  then  enters  the        H 

,  lifts  out  the  balls,  hoses  out  as  much  fine  pyrite  as  possible  into  Ihe  bucket       H 

'p  and  finally,  scrapes  out  all  the  scrap  iron*                                                         H 

e  catch  hopper  is  made  of  wood  and  is  water  and  mercury  tight,  5X6  feet        ■ 

with  bottom  sloping  from  three  sides,  the  fourth  side  being  vertical,  and        H 

ntlet  at  the  middle  of  the  bottom  of  the  fourth  side.     The  earlier  run  nf        ■ 

fulp  goes  directly  to  amalgamated  plates  below,  but  during  the  run  of  heavy        H 

a  ^igot  pipe  is  placed  in  this  outlet  and  mercury  is  caui^'ht  in  a  kettle        B 

the  wnter  and  fine  pulp  escapes  by  an  overflow  to  the  amnl^amated  plate«,        fl 

'               the  coarser  rcpidue  is  hosed  from  the  catch  hopper  to  the  nmnl-       ^| 

i               H,     T1u'?e  plate?  are  two  in  number,  the  first  12  fe^t  Inner  nur)  1        H 

l                     nd  15  feet  long  and  1  foot  wide.     No,  1  pettlm^  tv\T\k  {\^Y\^%      ■ 

^^  le  irMiccd  at  Ibe  end  of  the  /Irst  plate,  and  No.  2  eetlWwft  laivV  V,Y%x«^   H 
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Xd  feet  deep)  at  the  end  of  the  second.  A  tilting  tail  at  the  end  of  the  fiist 
plate  is  need  when  fine  pulp  is  passings  to  bridge  everything  over  to  the  second 
plate  and  thence  to  the  No.  2  settling  tank.  When,  however,  coarse  pulp  is 
being  run  the  tilting  tail  is  elevated  and  the  pulp  traverses  only  the  upper  plate 
and  drops  into  No.  1  settling  tank.  The  amalgam  from  these  plates  goes  to  the 
clean  up  room  and  is  put  with  that  obtained  from  the  clean  up  barreL  The 
coarse  settlings  in  the  No.  1  settling  tank  are  fed  to  the  barrel  in  the  next  fort- 
nightly clean  up.  The  settlings  from  the  No.  2  settling  tank  go  to  the  dbloiina- 
tion  plant  and  the  overflow  is  waste. 

The  scries  of  buckets  ranging  from  the  first  with  sulphurets  and  amalgam,  to 
the  last  with  scrap  iron,  are  panned  in  the  clean-up  room  in  sinks  arranged  as 
follows:  Mercury  sink  is  of  cast  iron.  It  is  2^  feet  X  2  feet  X  1}  inches.  This 
is  placed  at  the  left  of  the  operator.  In  front  is  a  wooden  panning  shelf,  5  feet 
long  by  %\  feet  wide  and  with  three  sides,  8  inches  high,  long  enough  for  two 
men  to  pan  at  the  same  time.  The  bottom  slopes  toward  and  discharges  into 
an  iron  tank  5  feet  long  X  2^  feet  wide  X  1^  feet  deep,  at  the  right. 

The  process  is  as  follows :  The  contents  of  each  bucket  are  screened  wet  through 
a  gold  pan,  the  bottom  of  which  is  punched  with  round  holes  J  inch  diameter. 
The  oversize  is  hand  picked,  yielding:  (1)  Scrap  iron  which  is  waste;  (2) 
coarse  rock  to  stamps;  (3)  amalgamated  scrap  copper  which  is  retorted,  meltc-d 
to  a  brick  and  sent  to  smelting  works ;  (4)  gold  nuggets  and  hard  amalgam  which 
are  put  with  soft  amalgam.  The  undersizc  from  the  screen  is  caught  in  a  gold 
pan.  It  is  panned,  yielding:  (1)  Soft  amalgam  which  is  strained  wet  through 
strong  drilling  and  yields  h^rd  amalgam  to  retort  and  quicksilver  to  be  used 
over;  (2)  heavy  sulphurets  to  the  iron  tank  which  yields  heavy  settlings  to  barrel 
in  its  next  run  and  overflow  to  the  second  of  the  series  of  tanks  previously  men- 
tioned. 

This  mill  also  has  a  small  clean  up  barrel  16  inches  in  diameter  and  2  feet 
long  in  which  the  hard  amalgam  scraped  off  the  amalgamated  plates  just  previous 
to  the  fortnightly  clean  up,  is  ground  for  24  hours  with  some  mercury  and 
water  enough  to  make  a  thin  paste.  This  barrel  makes  28  revolutions  per 
minute  and  it  is  discharged  and  the  products  treated  in  the  same  way  as  in  the 
large  barrel. 

Mill  61  treats  battery  residue  in  a  clean  up  barrel  12  hours.  It  is  then  dis- 
charged over  a  gently  sloping  inclined  plane,  30  inches  wide,  upon  the  upper  end 
of  which  most  of  the  amalgam  lodges.  Thence  the  pulp  passes  to  a  riffle  sluice 
box,  10  feet  long,  which  catches  nearly  all  the  remainder  of  the  amalgam.  The 
remaining  pulp  is  run  into  a  tank  and  from  here  run  over  the  mill  sloioe  plates 
to  catch  any  little  remaining  quicksilver. 

The  economical  importance  of  a  clean  up  barrel  is  frequently  lost  sight  of  in 
a  stamp  mill.  By  its  use  it  is  possible  to  save  a  remarkable  amount  of  gold 
which  would  otherwise  go  to  waste.  Among  the  things  treated  by  it  are:  (1) 
Old  screens  and  pieces  of  scrap  iron  from  the  mortars  which  are  first  allowed.^ 
rust  to  pieces;  (2)  old  straining  cloths,  brooms,  chips,  etc.,  which  are  burneQj 
and  their  ashes  treated ;  (3)  the  sweepings  and  drainings  of  the  miU^ .aocoxatda^ 
dust,  flue  dust,  etc.  Loring  states  that  many  thousand  doUais  migr.tie.aJE^fedi.iV}. 
this  way  around  a  large  plant  ,  ^    -..    ..:::.  -Hi 

.     ..'  .::-^.I^-iil 

Alsikg  Ctundsb.  "..^ !■".'..,".'  '.'".U 

§  229.  This  is  a  cylinder  which  grinds  by  flint  pebbles  and  is  tk^  A)r  jgriiii- 
ing  talc  after  a  Griffin  mill  or  a  Buhrstone  mill.  It  is  6  feet  in  dirinifet^,  ff'W 
10  font  long,  lined  with  porcelain  brick  and  filled  one^thiird  full  cif '^nAd'flitit 
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iirVT^VrVface  is  a  disc  34  inches  diameter  and  is  held  in  place 
1  around,  and  discharging  at  the  bottom.    The  die 
i  HI  ^  eLill  of  cast  iron,  having  feet  with  which  to  bolt  it  to  the 
Ii^lT»:ffl  which  are  flanged  and  bolted  together  to  facilitate 
I  he  central  shaft  of  the  machine  is  driven  by  a  pulley 
heel;  80  revolutions  of  the  machine  per  minute  gets 
and  the  die  at  the  top  of  the  circle.    At  190  revolu- 
tryTlts  capacity  is  7^  tons  per  hour  of  copper  matte  from  1^  inches 
-  iiii!h.    It  requires  30  horse  power. 

Edge  Bunnebs. 

mills,  sometimes  also  called  Edge  stone  mills,  have  vertical  roU- 

«.L  a  circular  enclosure  with  a  stone  or  iron  base  or  die.     Of  them 

i.:lasscs:  (a)  Those  in  which  the  rollers  gyrate  around  a  central 

*"T?nn  the  die  as  they  go.    The  Chili  mill  is  the  parent  of  mills  of 

•  Those  in  which  the  enclosure  or  pan  revolves  and  the  rollers 

•  •]  axis  are  in  turn  revolved  by  the  pan. 

•\  ihe  Edge  runner  combines  true  grinding  or  abrasion  with  true 

-lire.    The  center  of  the  roller  is  rolling  upon  the  fragments 

uirgins  are  sliding  upon  them;  the  outer  is  sliding  forward,  the 

The  nearer  the  margin  the  greater  is  the  grinding  action.     It 

matter  of  doubt  that,  with  light  weight  rollers,  the  rolling  action, 

.  ::•'  weight  of  the  roller,  impedes  the  grinding,  and  that  a  roller, 

;  -irt  cut  away,  would  grind  more  rapidly  than  the  usual  form. 

1,  with  narrow,  heavy  weight  wheels,  where  the  pressure  per 

high,  the  rolling  action  is  probably  fully  able  to  keep  up  with 

••Mimple  T.  A.  Blake  has  reported  that  he  tripled  the  capacity 

Ts  narrower,  thereby  increasing  the  weight  per  square  inch. 

was  originally  used  as  a  coarse  grinder  to  prepare  the  ores 

lie  modem  fonitB»  however,  have  been  used  as  fine  grinders. 

xico,  there  is  an  example  of  the  primitive  form,  consinting 

r-^m  or  stone^  rolling  upon  a  journal  on  a  short  horizontal 

>>volving  with  a  vertical  spindle.     This  short  arm  paFf>es 

•1  forma  the  long  arm  by  which  one  mule  op.'rate.s  the 

>  feet  in  diameter,  1.25  feet  face  with  an  iron  tire  4 

-an  annular  gaiter  1.62  feet  wide,  paved  with  iron. 

{XT  week^  to  pass  through  a  brai^H  wire  screen,  having 

r,  at  a  cost  of  56.79  cents  p«rr  ton. 

rib  Carolina,  a  modern  Chili  mill,  Fhown  in  Fig. 

s  each  4  feet  diameter,  8  inch';.-;  face,  wfrighiri;r 

•n  tires,  8  inches  \\ivY,     'J'ho  rJi:-tarir'r  Ivhiw 

■=  50  inches.     The  r'rrjtryl  fch;jft  rnad';  40 

^v  overhead  1/*  *.'•'"]  ;";jr-  n\A  \\*,T\7.*i\^:%\ 

00  tons  of  hard,  to«jj.fh  quartz  Ik*  crurlj"! 
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'• ;  through  W 
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The  Gbiffin  Centbifuoal  Stamp  Mill. 


{  231 


§231.  This  mill  (see  Fig.  176) ,  consists  of  a  cylindrical  ring  or  die^  30 
inches  inside  diameter,  6  inches  face^  and  2  inches  thick,  with  horizontal  azig 
and  three  corrugated  rolls  or  stamps,  12  inches  diameter^  6  inches  face.    These 


FIG. 


176.— GRIFFIN  CENTRIFUGAL  STAMP  MILL  WITH   FRONT   CASE  AND  SOBEEX 

REMOVED. 


stamps  weigh  110  pounds;  are  cast  chrome  steel,  with  2-inch  thick  cylindrical 
shell,  having  a  4-iuch  liolo  in  the  center  and  a  set  of  eight  teeth  or  stamp  shoes, 
2  inches  long,  2  inches  wide  and  6  inches  face.  The  space  between  the  teeth  or 
shoes  is  about  2$  inches  at  the  outside.  These  stamps  are  mounted  with  a 
loose  fit,  on  loose  shafts,  3  inches  in  diameter  and  about  10  inches  long.  The 
three  shafts  are  mounted  between  two  three-armed  spiders  keyed  to  central  hori- 
zontal driving  shaft,  one  spider  at  each  end  of  the  machine.  The  bearings  are 
80  constructed  that  they  compel  the  shaft  and  its  stamp  to  gyrate  about  ihB 
main  shaft,  preventing  them  from  lagging  or  hurrying,  allowing  the  stamp  to 
be  forced  out  against  the  die  by  centrifugal  force,  but  preventing  the  stamp  at 
the  top  of  the  revolution  from  tumbling  toward  the  center  when  at  rest  or 
slowly  revolving. 

On  the  discharge  side  are  three  scrapers  riveted  to  the  spider  ring.  The 
scrapers  are  plough  shaped  and  cause  the  pulverized  material,  whether  wet  or 
dry,  to  pass  through  the  screen.  On  the  feed  side  are  three  spouts,  each  one  in 
advance  of  a  stamj),  providing  a  continuous  feed  around  the  whole  circle.  These 
three  spouts  are  fed  by  an  axial  feed  hopper  and  some  form  of  automatic  feeder 
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itside.     The  8cn?<?nii]g  surface  is  a  disc  34  inches  diameter  and  is  held  in  place 

a  front  c^sc,  closed  all  around,  and  discharging  at  the  bottom.     The  die 

froig  or  tire  is  held  in  a  .shell  of  cast  iron,  having  feet  with  which  to  bolt  it  to  the 

foundation.     It  is  in  halves  which  are  flanged  and  bolted  together  to  facilitate 

the  removal  of  the  die.     The  central  shaft  of  the  machine  is  driven  by  a  pulley 

and  provided  with  a  fly  wheel ;  80  revolutions  of  the  machine  per  minute  gets 

contact  between  the  stamps  and  the  die  at  the  top  of  the  circle.     At  190  revolu- 

JpnB  of  the  pulley,  its  capacity  is  7^  tons  per  hour  of  copper  matte  from  14  inches 

M  fiize  i6  iV  inch.    It  requires  30  horse  power. 


Edge  Hunners. 


§  232.  These  miUs^  sometimes  also  called  Edge  stone  mills,  have  vertical  roll- 
ers running  in  a  circular  enclosure  with  a  stone  or  iron  base  or  die.  Of  them 
there  are  two  classes:  (a)  Those  in  which  the  rollers  g}Tate  around  a  central 
axifi,  rolling  upon  the  die  as  they  go.  The  Chili  mill  is  the  parent  of  mills  of 
this  class,  (b)  Those  in  which  the  enclosure  or  pan  revolves  and  the  rollers 
placed  on  a  flxed  axis  are  in  turn  revolved  by  the  pan. 

The  action  of  the  Edge  runner  combines  true  grinding  or  abrasion  with  true 
rolling  or  pressure.  The  center  of  the  roller  is  rolling  upon  the  fragments 
Ahile  the  two  margins  are  sliding  upon  them;  the  outer  is  sliding  forward,  the 
Bier  backward.  The  nearer  the  margin  the  greater  is  the  grinding  action.  It 
Ki  hardly  be  a  matter  of  doubt  that,  with  light  weight  rollers,  the  rolling  action, 
^  supporting  the  weight  of  the  roller,  impedes  the  grinding,  and  that  a  roller, 
with  the  central  part  cut  away.,  would  griod  more  rapidly  than  the  usual  form. 
On  the  other  hand,  with  narrow,  heavy  weight  wheels,  where  the  pressure  per 
square  inch  is  very  high,  the  rolling  action  is  probably  fully  able  to  keep  up  with 
the  grinding,  For  example  T.  A.  Blake  has  reported  that  he  tripled  the  capacity 
by  making  the  runners  narrower,  thereby  increasing  the  weight  per  square  inch* 

The  Chilian  form  was  originally  used  as  a  coarse  grinder  to  prepare  the  ores 
for  the   arrastra.     The  modern  fonus,  however,  have  been  used  aa  fine  grinders. 

At  Guanaxuato,  Mexico,  there  is  an  example  of  the  primitive  form,  consisting 
of  a  single  roller  of  iron  or  stone,  rolling  upon  a  journal  on  a  short  horizontal 
arm  attached  to  and  revolving  with  a  vertical  spindle.  This  short  arm  passes 
through  the  spindle  and  forms  the  long  arm  by  which  one  mule  operates  the 
mill.  The  roller  is  5.51  feet  in  diameter,  1.25  feet  face  with  an  iron  tire  4 
iBches  thick.  It  rolls  in  an  annular  gutter  1.62  feet  wide,  paved  with  iron. 
The  mill  ground  91 J  tons  per  week,  to  pass  through  a  brass  wire  screen,  having 

ile8  0.5  or  0.6  inch  diameter,  at  a  cost  of  5(>,79  cents  per  ton. 
At  the  Ilaile  gold  mine.  North  Carolina,  a  modern  Chili  mill,  shown  in  Fig. 
7,  was  used.  It  had  two  rollers  each  4  feet  diameter,  8  inches  face,  weighing 
out  one  ton,  with  hard  white-iron  tires,  8  inches  thick.  The  distance  from 
tside  to  outside  of  the  rollers  w^as  50  inches.  The  central  shaft  made  40 
fnlutions  per  minute,  iKMiig  driven  by  ovirlK'ad  hi'veled  gears  and  horizontal 
pulleys.  Its  capacity  per  24  hours  was  90  tons  of  hard,  tough  quartzite  crushed 
Aom  i  inch  diameter  through  40  mesh.  A  trommel  was  used  and  the  oversize 
■as  returned  by  an  elevator.  Of  soft  ores,  240  tons  per  24  hours  have  been 
crushed.  The  wear  was  12  pounds  of  iron  per  ton  of  ore.  The  quality  of  crush- 
ing is  shown  by  the  following  sizing  test:  On  40  mesh,  8.30%;  through  40  on 
tmpsh,  5.01%  ;  through  50  on  60  mesh,  1.09%  ;  through  m  on  70  mesh,  3.32%^ ; 
ough  70  on  80  mesh,  -%  :  through  80  on  90  mesh,  1.66% ;  through  90 

on  100  mesh,   1,66%;  through  100  mesh,  78,98%. 

C,  W.  Qoodale  reports  an  experiment  in  Montana  in  crushing  jig  middlings 
rough  a  100-meah  screen.     The  mill  was  8  feet  in  diameter,  had  two  rollers. 
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with  16-inch  face,  weighing  ten  tons  each  and  making  12  reyolntions  per  mi] 
They  crushed  1^  tons  per  hour.  The  speed  of  crushing  was  limited  by  ineffi 
discharge. 

The  Edge  runner,  when  grinding  clay,  has  a  die  perforated  with  holes  thr 
which  the  crushed  material  is  discharged.  The  holes  are  \  inch  diametei 
hard  fireclays  and  larger  for  more  plastic  clays.  The  Edge  runner  is  use 
powder  mills,  and  the  rollers  are  held  up  from  contact  with  the  dies  to  a 
striking  fire.  In  slow  running  Edge  runners  the  custom  has  sometimes 
adopted  of  having  the  rollers  at  different  distances  from  the  center  to  distri 
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FIG.   177. — SECTION   OF  CHILI   MILL. 


the  work  over  a  larger  die.  In  fast  running  machines  this  would  tmbalanoc 
machine  and  is  not  therefore  adopted. 

The  E.  P.  AUis  Co.  make  an  Edge  runner  in  which  the  rollers  are  constru 
on  the  caster  principle  so  that  they  will  adjust  themselves  automatically. 

Chili  mills  with  three  rollers,  made  by  L.  C.  Trent  ft  Co.,  are  used  in  Mil 
A  6-foot  mill,  weighing  about  25  tons,  takes  the  ore  which  has  been  cmshe 
^  jficb  bjr  breakers  and  rolls,  and  reduces  it  to  60  mesh  at  the  rate  of  98.5 
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iiiiatue  or  0^,5  tons  when  nm- 

•ilt  2&%  by  u^g  moving 
I  of  each  roller  instead 

rk  done  by  a  5-foot  Trent 

i  :a  paas  through  a  30-mesh 
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Tub  Bryan  Rolleb  Quabtz  Mill. 

II  P>lge  stone  mill,  with  three  rollers.    The  mill  is  made  in 

"«1  5-foot  diameter  of  pan.    The  former  is  shown  in  Fig.  178. 

*  vlindrical  center  post  stands  up  in  the  middle  of  the  pan,  to 

is  keyed  a  branching  support,  which  carries  the  two  boxes  of  the 

'  >^  shaft.    Below  this  is  fastened  the  horizontal  bevel  gear  which 

from  the  pinion.    Still  lower  is  fastened  the  revolving  table 

^e  three  journals  of  the  rollers.    The  table  is  capable  of  vertical 

^x&pensate  for  the  wear  of  the  rollers.    The  rollers  are  joumalled 

^th  ball  and  socket  journals.    After  each  roller  are  three  steel 

^be  brushes  to  distribute  the  pulp.    These  may  be  made  to  assist 

■•charge  of  pnlp.    Roller  tires  of  rolled  steel  are  used  and  can 

•*  worn  out.    The  die  ring  is  made  of  annular  sections,  also 

**•  parts  for  the  five-foot  mill,  in  eight  for  the  four-foot.     Amal- 

^n  used  are  placed  around  the  conical  base  of  the  center  post. 

Steila.    The  4-foot  mill  is  also  made  sectional. 
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TABLE   153. — ^BBYAN   MILL. 

Siieor 

ReToluUo*8 

ofTbble 
per  Minute. 

Capacity 
per  84 
Hours. 

KoUers. 

Weight 

of  each 

RuUer 

Tire. 

T6tal 

5^' 

WaterUsed 
per  Hour. 

Ham 

Diameter 
ofPftn. 

Diameter. 
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Face. 

Weight  of 
Each. 

fg? 

Feet 
5 
4 

40 
60 

Tons. 
85to8S 
12  to  20 

Inches. 
44 

Inches. 
7 

Pounds. 
8,650 
1,200 

Pounds. 
1,100 
875 

Pounds. 
1,750 
1,100 

Galtoas. 
400tol,0u0 
800  to  750 

n 

1 

This  mill  is  especially  adapted  to  crushing  jig  middlings^  and  it  is  iho 
claimed  to  work  well  in  crashing  gold  ores  preparatory  to  amalgamation. 

Mill  26  uses  three  5-foot  Bryan  mills  with  three  rollers,  each  weighing  3^ 
pounds,  making  37  revolutions  per  minute.  Each  mill  crashes  24  tons  in  24 
hours.    They  are  fed  by  Tulloch  feeders  with  jig  middlings  through  3  meshy  No. 


FIG.  178. — PEBSPECTIVE  VIEW  OF  BRYAN  MILL  WITH  TIIE  SCREENS  AND  PART  Of 

CASING    REMOVED. 

12  B.  W.  G.  wire,  and  on  14  mesh,  No.  22  wire,  or  in  size  0.224  to  0.043  inches. 
The  die  ring  is  made  of  chilled  cast  iron,  outer  diameter  28  J  inches,  inner  diam^ 
ter  21J  inches,  thickness  5  inches,  weight  1,540  pounds.  It  costs  5  cents  per 
'pound  and  lasts  10  weeks,  crushing  1,700  tons.  The  wear  is  0.906  pound  pff 
ton,  or  4.53  cents  per  ton.  The  roller  tires  are  attached  by  wooden  wedges. 
Both  chilled  cast  iron  and  rolled  steel  have  been  tried.  The  outer  diameter  of 
tires  is  44  inches,  inner  diameter  36  inches,  width  of  face  7  inches.  The  three 
tires  weigh  3,268  pounds.  Chilled  cast  iron  costs  5  cents  per  pound  and  lasts 
115  days  or  2,760  tons.  The  wear  is  1.18  pounds  per  ton,  or  5.91  cents  per  ton. 
Steel  tires  weigh  the  same,  cost  8.25  cents  per  pound,  last  190  days  or  4,560  torn. 
The  wear  is  0.7160  pound  per  ton,  or  5.911  cents  per  ton.    Bepairs  other  than 
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|iire6  ajnount  to  $300  per  year  for  each  mill  or  3.425  cents  per  ton. 

its  3U-m4^li  bratst  clolli^  No.  30  B.  W.  G.  wire,  making  the  net  tsize  of 

.ftel3  inch.     The  area  of  Bcreeiis  i&  14x36  inches,  and  there  are  two  of 

in  each  milL    A  set  costs  $1.40  and  lasts  5  days  or  120  tons.     The  cost  is 

cent^  per  toa,     Collecting  the  items^  we  have  the  following  cost  per  ton: 

ehells,  5.911  cents;  die  rings,  4.53  cents;  repairs,  3.425  cents;  screen, 

cents;  total  for  wear  and  repairi-,  15.032  cents;  power  (estimated),  4.14 

5  total  cost,  19,172  cents.     It  should  be  said  that  this  mill  is  located  wliere 

its  are  higlu    The  power  required  is  7^  indicated  horse  power.    The  pulp 

JO  manners. 

U  26  has  compared  the  Huntington  and  the  Bryan  types  and  found  that 

Ipacity  and  power  are  the  same.    They  both  crushed  about  1  ton  per  hour 

gh  30*mcsli  wire  cloth  screen.     The  Bryan  mill  is  more  rtliable  than  th' 

ingtoQ.     The  Huntington  mill  requires  much  closer  attention  than  tin* 

^^9  it  is  much  more  easily  deranged  by  irregularities  of  feed  or  water. 

Hpr  h  much  higher  and  more  uneven  with  the  Huntington  than  with  the 

E    The  former  is  liable  to  more  stoppages  and  loss  of  time  than  the  latter. 

brmer  throws  away,  when  worn,  50%  of  the  wearing  purts,  the  latter  only 

A.  H.  Tays^  has  given  comparative  results  of  the  work  of  stamps  and  a 
1  mill  in  crushing  and  amalgamating  a  gold  ore.  One  month^s  record  was 
lows ; 
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teries  No.  1  and  0  used  round  punched  tin  screens  equivalent  to  10-mesh 
Icreens;  3  and  4  also  used  tin  screens  but  equivalent  to  20-mesh  wire 
:  the  Bryan  mill  used  Eussia  iron  slot  punched  screens  equivalent  to  30- 
wire.  The  tin  screens  had  a  percentage  of  opening  of  about  44%  while 
Dtted  screen  had  only  about  17%.  Tin  or  fine  wire  screens  did  not  have 
juisite  strength  to  stand  the  blows  of  coarse  rock  in  the  Bryan  mill.  All 
ped  7  inches  and  the  height  of  discharge  was  10  inches.  Sizing 
gB  were  as  follows: 
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f  wan  an  old  style  mill  in  which  a  pan  above,  keyed  to  the  vertical  shaft, 
on  top  of  the  rollers.     Power  wa.s  applied  by  a  horizontal  belt  passing 
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around  this  pan.  A  ring  on  the  underside  of  the  pan  served  to  take  the  wear 
where  the  pan  traveled  upon  the  rollers.  Weights  were  put  in  the  pan  to  help 
the.  crushing.  A  new  ring  weighing  560  pounds  and  3  new  tires  weighing  1^50 
pounds  total  were  worn  in  156  days  to  101  and  235  pounds  respectively  and 
were  discarded.  Dies  weighing  994  pounds  were  worn  to  497  pounds  in  the  same 
time  and  were  put  back.  The  Bryan  mill  cost  for  iron  and  screens  $0,175  per 
ton,  while  the  stamps  cost  for  iron  and  screens  only  $0.06  per  ton.  This  is  aue 
to  the  low  cost  of  iron  for  stamps.  The  actual  wear  of  irop  in  156  days  was 
3,400  pounds  for  10  stamps  and  only  2,904  pounds  for  the  Bryan  milL  To 
wear  evenly  the  Bryan  mill  has  to  be  babbitted  periodically  to  keep  it  ronning 
true. 

Langley's  Improved  Dry  Crushbb. 

§  234.  This  is  a  double  Edge  stone  mill,  consisting  of  a  pan  with  two  rollers 
above  and  a  pan  with  four  rollers  below.  These  parts  are  combined  as  follows: 
The  vertical  main  shaft  passes  down  through  a  hole  in  the  upper  horizontal 
roller  shaft,  which  is  fixed.  The  upper  pan  is  keyed  to  the  main  shaft  The 
four  lower  rollers  are  mounted,  two  on  each  end  of  a  single  shaft  which  is  at- 
tached to  the  under  side  of  the  upper  pan  by  bracket  hangers.  The  upper 
pan  and  the  lower  rollers  revolve  therefore  with  the  shaft.  The  upper  rollers 
are  revolved  on  fixed  horizontal  axis  by  contact  with  their  pan. 

The  upper  rollers  weigh  15  cwt.  (1,680  pounds)  each,  with  faces  10  inches 
wide.  The  lower  rollers  each  weigh  10  cwt.  (1,120  pounds)  to  which  may  be 
added  as  much  of  the  weight  of  the  upper  pan  and  rollers  as  is  desired,  the  upper 
pan  being  partially  supported  by  adjustable  rods. 

Material  from  the  Blake  breaker  is  crushed  in  the  upper  pan  down  to  the  Bin 
of  shot,  the  lower  pan  then  brings  it  down  to  75  mesh  if  desired.  The  mill 
crushes  3  tons  per  hour  through  50  mesh,  consuming  8  to  10  horse  power. 

The  Schranz  Mill. 

§  235.  This  mill  acts  in  a  manner  similar  to  rolls  in  that  it  crushes  ore  bj 
pressure.  Its  construction  (see  Figs.  179a  and  1796),  reminds  one  somewhat  <« 
the  Chili  mill,  but  it  entirely  avoids  the  grinding  action  of  that  machine. 

The  mill  consists  of  a  revolving  annular  horizontal  plate  a  with  inner  diameter 
of  450  mm.,  outer  diameter  1,000  mm.  and  50  mm.  thick,  weighing  412  Iriloi 
The  plate  is  slightly  conical,  sloping  outward  1  in  10.  It  makes  12  to  14  revolu- 
tions of  the  disc  per  minute  and  is  driven  by  beveled  gears  RR'  which  reduce 
the  speed  4  to  1. 

Three  truncated  cones  xyz  with  axes  at  120°  with  each  other,  rest  upon  the 
disc  with  their  apexes  inward.  They  have  large  bases  750  mm.  and  small  bases 
475  mm.  diameter  respectively  and  275  mm.  slant  length.  They  revolve  30  to 
36  times  per  minute  on  shafts  X  hinged  on  adjustable  pins  H  at  the  center  and 
the  compression  springs  P  are  applied  at  the  outer  ends.  These  cones  consist 
of  permanent  cores  mounted  on  shafts,  with  bearings  at  each  end  and  wearing 
shoes  or  shells  weighing  198  kilos  each,  which  are  fastened  on  the  cores  by  draw 
bolts  and  are  55  mm.  thick. 

The  three  cones  treat  the  ore  successively,  the  ore  being  fed  in  front  of  the 
first  cone  x.  Each  is  pressed  down  by  a  spring  P  upon  the  revolving  plate 
with  greater  force  than  its  predecessor.  Thus  the  particles  which  fail  to  be 
crushed  by  the  first  cone  may  be  comminuted  by  the  second  or  by  tihe  third. 

Jets  of  water  play  upon  each  cone  or  upon  the  disc  behind  each  cone  anB  wash 
away  the  finer  portions  that  have  been  sufficiently  eruAed.  Behind  the  firsi 
and  Beoond  cones  and  their  water  jet  are  scrapers  to  bring  the  ore  toward  flu 
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the  sizes  here  given:  3.2  to  2.4  mm.,  6.95% ;  2.4  to  1.6  mm.,  21.07% ;  1.6  to 0.9 
mm.,  26.27% ;  0.9  to  0.5  mm.,  16.92% ;  0.5  to  0.2  mm.,  15.81% ;  0.2  to  0  mm., 
13.98%.  For  other  sizing  tests,  see  Table  178.  The  mill  is  especially  adapted 
for  crushing  particles  below  15  mm.  It  does  not  work  so  advantageously  on 
larger  sizes.     Kunhardt  says  that  the  mill  is  not  satisfactory  above  8  mm. 

The  wear  found  at  Laurenberg"*®  in  crushing  through  8  on  2  mm.  jig  mid- 
dlings, consisting  of  quartz,  spathic  iron,  galena,  blende,  etc.,  down  to  2  mm. 
and  less,  is  reported  as  follows:  The  three  cones,  weighing  each  198  kilograms, 
wore  in  982  days  of  10  hours  each,  from  60  mm.  thick  to  9,  16  and  "24  mm. 
respectively.  The  disc  weighing  412  kilos  wore  in  613  days  of  10  hours  from 
50  mm.  to  15  mm.  thick.  By  computation  the  wear  per  ton  of  1,000  kilos  may 
be  obtained  as  follows: 


Metal  Left  Un- 
consumed. 

Net  Wear  per 
Tton  of  1,000  Mob. 

Disc 

KilOB. 

888.5 
161.7 

Kilos. 
0.0614 
0.0806 

Throe  codm  ••...•...•...  t  ..•..  t .  t . . 

Total 

0.0000 

This  is  equal  to  0.1217  pounds  of  steel  worn  per  ton  of  2,000  pounds.  A  sec- 
ond instance  is  given  in  the  same  article,  of  the  wear  when  crushing  softer  ore, 

which  is  0.035  kilo  per  1,000-kilos  ton  or  0.0718  pound  per  2,000-poimd  ton. 

■ 

The  Kinkead  Mill. 

§  236.  This  is  a  pan  mill  (see  Fig.  180),  with  convex  conical  bottom  or  die 
with  an  apex  angle  of  145°.  Upon  this  operates  a  muller  or  shoe  with  gross 
weight  of  1,946  pounds,  which  has  two  parts,  both  concave  conical.  The  inner 
has  an  apex  angle  of  82°  and  a  corrugated  surface  with  which  to  begin  the 
crushing  upon  the  J-inch  feed  lumps.  The  outer  part  is  a  much  flatter  cone  or 
153°  apex  angle  and  does  the  fine  crushing.  The  mill  acts  upon  a  gyratory 
principle.  It  has  a  spindle  attached  to  the  muller  which  gyrates  at  an  angle  of 
4°  away  from  the  the  vertical  line.  The  gyratory  action  gives  a  true  crushing 
between  the  shoe  and  die  at  the  center,  but  gives  crushing  modified  by  a  limited 
amount  of  grinding  between  the  fine  grinding  surfaces.  The  machine  has  the 
advantage  of  a  very  complete  redistribution  of  the  particles  after  each  nip. 
The  mill  is  adapted  for  crushing  gold  ores  preparatory  to  amalgamation  and 
also  for  crushing  jig  middlings. 

Its  capacity  is  15  tons  in  24  hours,  reduced  from  ^-inch  diameter  through  40 
mesh  using  2  horse  power.  The  shoes  and  dies  are  of  crucible  steel.  The  enter 
shoes  for  fine  crushing  weigh  723  pounds,  the  inner  for  coarse  weigh  63  pounds. 
The  dies  are  in  three  parts :  the  coarse  crushing  die  at  the  center  weighs  97 
pounds,  the  fine  crushing  weighs  584  pounds  and  the  vertical  side  die  weighs 
238  pounds. 

This  mill  is  classified  among  roller  mills  because  of  its  action.  In  form  it 
would  appear  to  belong  with  the  amalgamating  pan. 

The  Huntington  Centrifugal  Bolleb  Mill. 

§  237.  This  mill  is  used  to  do  the  work  of  a  stamp  mill  in  crushing  gold  Dies,    j 
and  serves  as  a  fine  grinder  for  recrushing  jig  middlings.    It  is  especially  ada]^ 
for  cmahing  clayey  ores. 

As  shown  in  Figs.  181a  and  ISlb,  it  works  upon  t)ie  principle  of  Gomiflh 
zoUb,  only  with  this  difference  that  the  angle  of  nip  is  mudi  more  acute,  tto 
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fieBBiire  is  probably  less  powerful  and  the  crushing  is  done  under  water  while 
rolls  crush  dry  or  at  most  in  a  running  stream  of  water. 
This  mill  crushes  by  the  centrifugal  force  of  steel  rollers  revolving  against  the 


no.    180. — ^HALF    ELEVATION    AND    HALF  SECTION  OP  THE  KINKEAD  HILL. 

fmier  surfaoe  of  a  heavy  horizontal  steel  ring  or  die.  The  rollers  are  suspended 
qpOQ  rods  from  horizontal  arms  by  short  trunnions  allowing  a  swing  of  the  rod 
nd  roller  in  a  direction  radial  from  the  central  vertical  stuafL    T\i<^  ^^xVv^ 
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suspending  rod  is  provided  with  a  bead  at  the  lower  end  and  the  i«)ller  has  anti- 
friction washers,  babbitted  bearings  and  sleeve  permitting  free  rotation  upon  ii 
The  roller  therefore  takes  on  two  classes  of  motion,  namely,  gyration  around  the 
central  shaft  and  rotation  around  its  suspending  rod.  Theoretically,  the  pressure 
can  be  increased  indefinitely  by  increasing  the  speed  of  rotation,  but  practically 
the  available  pressure  is  limited  by  the  jar.  If  the  jar  was  overcome  it  would 
still  be  limited  by  strength  of  the  die  ring.    In  Table  154  the  centrifagal  force 

WRN 
has  been  computed  by  the  formula,*  ^=Yddd^^^  TF=weij^t  of  roller  in 

pounds;  fi=radius  of  gyration  in  feet;  iV^=revolution8  of  central  ahaft  per 
minute;  and  F=centrifugal  force  in  pounds. 


TABLE  154. — OENTBIFUGAL  FOROB. 


Siae  of  Mill 

Mean  Diameter 
of  Die  Ring. 

Average  Diam- 
eter of  Roller. 

Total  Weight 
of  RoUer  Avail- 
able for  Push. 

ReTolatioiisof 

Central  Shaft 

per  Minute. 

RadtaiofGjm. 
tkm. 

oCBolv. 

FV»t. 
6 

Feet. 
8.88 
4.75 
B.479 

Feet. 
1.219 
1.896 
1.684 

Pounds. 
470 
606 

617 

90 
70 
66 

Feet. 

1.007 

¥ 

Although  the  Huntington  mill  runs  on  the  principle  of  rolls,  it  does  not  have 
the  positive  spring  of  the  latter.  It  follows  that  it  must  be  even  more  carefully 
guarded  against  large  lumps.  It  is  fed  with  particles  not  larger  than  f  inch  in 
diameter. 

The  suspending  rods  incline  inward  and  downward,  causing  the  roller  to  be  i 
inch  above  the  bottom  at  its  outer  edge  and  If  inches  above  the  bottom  at  its 
inner  edge  with  the  new  roller.  A  removable  annular  disc  or  false  bottom  of  cast 
iron  is  placed  in  the  bottom  of  the  machine  to  take  the  wear.  The  roller  may 
be  raised  by  using  more  washers  above  the  head.  Mercury  is  fed  with  ore  on 
the  same  plan  as  in  the  stamp  mill.  An  adjustable  scraper  is  placed  in  front  of 
each  roller  to  break  up  the  inner  bank  and  throw  the  ore  in  front  of  the  roller. 

Since  the  machine  has.no  means  in  itself  of  automatic  control  of  a  feeder  and 
if  overfed  is  liable  to  choke,  it  follows  that  it  must  be  fed  at  a  regular  speed  by 
a  Hendy  Challenge  or  a  Tulloch  feeder  run  independently.  The  feeding  is 
done  through  a  hopper  at  one  side. 

The  advantages  claimed  for  the  mill,  as  compared  with  gravity  stamps,  are: 
Low  first  cost,  less  freight  charges,  small  cost  of  erection,  small  amount  of  power 
and  that  it  is  also  a  good  amalgamator.  The  running  cost,  however,  is  high 
compared  with  rolls. 

C.  W.  Goodale***  says  that  good  judgment  is  necessary  to  get  satisfactory  re- 
sults ;  any  overcrowding  of  the  mill  causes  the  rollers  to  slip  which  soon  destroys 
the  circular  form;  it  is  desirable  to  have  an  extra  mill  owing  to  the  freqnent 
stopping  for  repairs;  in  regard  to  screens  it  behaves  like  a  stamp  mill  with  high 
discharge,  that  is  to  say,  a  screen  can  be  used  that  is  larger  than  the  limiting  siie 
sought. 

The  machine  runs  much  like  a  free  crushing  roll  and  hence  makes  much  less 
slimes  than  the  stamp  mill.  The  mill  is  made  in  three  sizes  (see  Tables  154, 
155  and  156),  3^,  5  and  6  feet  in  diameter. 

«  From  Kent's  **  Mech.  Eng.  Pocketbook,**  p.  M. 


ftO.     181a, — ^PEESPECTITE    VIEW     OF     THE     HUNTINGTON     MILL    WITH    SCREENS 

REMOVED, 


^10.  1816. — HALF  SECTION  AND  HALF  ELEVATION  OF  THB   HUNTINGTON  MILL* 
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TABLE   155. — ^FRASEB   ft   CHALMERS   FIOUBES   ON   HUNTINGTON   MILL. 


SlieofHilL 

Weight. 

^^•iJ-T' 

Water  Used 
per  Hour. 

Horsepower. 

Revolutions 
per  Minute. 

SiaeofFeed. 

ScreLnUwd 

Feet 

6 

Pounds. 
8,000 
15,000 
84,000 

Tons. 
13 
86 

Gallons. 

750 

1,000  to  1,800 

4 
6 
8 

80 
70 
66 

Inches. 

Hr^ 

40medL 

TABLE  15G. — FRASER  ft  CHALMERS  TABLE  OF  DIMENSIONS  AND  WEIGHTS. 


Sise 

Die  Ring. 

Average 

Outside 

Diameter 

of  Rollers. 

Rollers. 

W^ht 

Boner 
ShelL 

lUse 

Bottom. 

of 

Inside 
Diameter. 

Thick- 
ness. 

Height. 

Weight. 

Feet. 
6 

Ft.  In. 
8    4 
4    0 
jTop....6    5 
1  Bottom  6    6H 

Inches. 

Inches. 
8 

Pounds. 
393 
668 

988 

Inches. 
19 

Inches. 
6 
6 

«4 

Pounds. 
166 
170 

866 

Foandi. 

786 
Ufl6 

Tabulated  data  from  the  mills  visited  is  given  in  Tables  157  to  159. 
life  of  false  bottoms  is  about  a  year. 

TABLE    157. — PURPOSE,    POWER    AND    CAPACITY. 

Abbreviations.— J.M. = Jig  middlings;  J.T.= Jig  tailings;  No.=number;  Th.=Through;  T.T.sTsUe 


The 


Mill 
No. 

Number 

Size 
of 
Ma- 
chine 

Number 
ofR^^Uerrt 
in  Each 
Machine. 

Ftevolu* 
Uons 

Feed 
Material. 

Feed 

ll| 

ProducL 

Quuepor 

8 

1 

1 

4 

4 

1 
1 

I 
1 

FMt. 

75 

m 

65 

00 
101 
70 
78 

J.T.aiidJ.^f. 
J.T. 
J.M. 
J.M. 
J.M, 
J.M. 

J.T.  aad  T,T, 

Mm. 
n^  to  12  mesh 

e.^too 

6to3 
SMtoO 

4.7fltoO 

4 JO  to  0 

4.76  too 

a  to  40  raesb 

6 

8 

Th.  O.03  mm. ;  to  No,  8 
hydmiiHc  claadflflT. 

To  four  7'ljelfc  Wood- 
bury vanfiert 

TlL  S  mm. ;  to  No.  I  by- 
draiiUe  classifier. 

Tb.  m  mill.;  to  Ko,  » 
hydraultc  classifler.  i 

Th.  m  mm.  J  to  No.  a 
hydrauHc  clasaifter. 

Tb.  BLlSmm.;  to  jigs. 

Tb.  a.l8mm;  to;fg9. 

Th.  Sj&inm.;  to  jigs. 

Tttrout^h  0.42  mm.;  to 
No.  5  irotiuneL 

'^ 

(c)«8 

m 
m 

id}A7 

mm 
m 
m 

16J 

M 

W 

4 

m 

(a)  10  tons  in  10  hours,    (b)  Repairs  other  than  tires,  rolls  and  screens,  $100  per  year,    (c)  One  man  i 

rolls,  feeders,  Huntington,  and  tronmiels.    (d)  Letter  from  F.  O.  Goggin  to  Eraser  &  Chalmera    This  iniU  V 
longer  uses  theoL 


TABLE   158. — DIE  RINGS  AND  ROLLER  SHELLS. 


Mill 
No. 

Piece. 

[Material 

Total 

Weight, 

New. 

Cost,  New. 

Sell,01d, 
per  Ton. 

Life. 

Grew 

Oostpv 

Ton. 

81 

Ring 

RoUed  steel 

Pounds. 
400 
800 

189.00 
84.76 

$8.00 
8.00 

IS 
6 
4 

Tons. 

aw 

Oeoti. 
8  80 

SRoIlers 

890 

87 

Ring 

4Rollers 

Chilled  cast  iron. 
Rolled  steel 

0.00 
0.00 
0.00 

88 

Ring 

$43.40  at  Chicago 
$65.00 

5S 
411 
li 
4 
6 
4 
90 
13 

&.000 

t.6tt» 

2M0 

a^fioo 

t.9C» 

1.447 
8.8 

4Rollers 

Chilled  cast  steel 

RoUed  steel 

Steel 

38 

Ring 

880 
660 
610 
660 

4  Rollers 

Ring 

89 

RoUed  steel 

Cast  steel 

4  Rollers 

Ring 

86 

4  Rollers 

FULVSRIZEHS  OTUhH  JUAN  QUA  VIVT  STAMPS. 
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fc— B.  8l-  =  Buhr  Blot;  c  to  c-=&?nter  to  oot^i^r;  Hor.  Sl==HoriEontAl  Riot;  Bot,  BU  B.  81.: 

I ctairgored  buhr  aloi;  tn.^incti;  R.  I.  PI.=:Rusalji  iron  plaU*;  St.  FL-Sti^ol  plate 


TlilOk- 


Inohes. 


0*OBS 

a.OiO 

0.00& 

9.0^ 


Hole, 


Area  of 

OACh 

Siere*?ij 


B.  SI.,  0, 006x0. Jr75  in.  (0.09x0.5  mm.)  ^ 
In.  Apart. 

0.(779  io,  (9  mm  )  round  holf>B,  ^  in.  c* 
toe, 

iSlotA,  O.O&OxlUiiL  rl.SxSa.l  mm.) 

Iior.6J.,  O.U^m.  (3.ftx)S.5  mm.)  M  ia> 

llor.  St.'B.  at.,  Q.01Tt0.97S  fn.  (0.43i9,5 
iiim>)0} 


9x21 


0x90 

0x28 
0;t30 

Bx38 


Cost 

per  Set. 


IU67 


a.a» 


Life, 


Life. 


U  to  36 


240toaflO 


860 
1,400 


Co6t  per 
Ton. 


Cents. 

1.306 


.40ato0.M9 


looe  WTltio^  tli<3  ubov4>  a  diagonal  slotted  screiiu  h;ui  butcn  8tibatJtutv«J.    It  in  0.0397  Inch  thick  and 
lQ,(St&3cD.4l6o  iDcb  (0  SSxl  1 .  B  mm.).  Tbs  p<.^rceata^e  of  openlni;  ia  14  83  per  cent.  Tbin  \wAt6  I&  shlf  t»  of  13 
'  1ioep«lC!»  sizo  excellcDtly  until  worn  out  by  burstiDi^  thriiu>;Li,  wlUch  was  not  the  caso  with  iba  j 
lereea.    wire  tcreiniM  were  found  to  chuko  in  the  lluntinKtoo  roill,  wlul<*  these  thick  heivy  J 
Tlio  latter  tried  ia  the  staaip  mill  giivo  trouble  from  chokiuK.    Tbo  bubr  slot  screen  wbea? 
\  fta  opaoing  about  0.090  incb  wide  and  about  8  por  csnt.  opening,    ib)  This  Bcreeci  has  4.fM)  per 


following  figures  on  the  estimated  cost  of  crushing  by  a  Huntington  mill 

:iven-     Since  the  items  may  vary  widely,  it  is  obvious  that  these  figures 

d  not  be  too  generally  applied. 

estimated  cost  per  ton  for  a  S^-foot  mill  crushing  through ^inch  (0,63- 

screen  at  the  rate  of  15  tons  per  24  hours  is:*  Die  ring,  2,303  cents  per 

roUi       '^""0;  power  ($40  per  308  days  at  15  tons  per  day),  0.865;  screens, 

;  :;  0   (iV  ii^an  at  $*J),  2.000;  repairs,  oil,  etc.   ($100  per  year), 

;  t'  ^ud  cents  per  ton* 

B  t  1  cost  per  ton  for  a  5-foot  mill  crushing  through  0,1   inch 

im.)  at  the  rate  of  100  tons  per  24  hours  isrf  Die  ring,  1.447  cents  per  ton; 
Bf  2.W0;  power  ($40  per  308  days  at  100  tons  per  day),  0.129;  screens, 
;  attendance  (^^  man  at  $3),  0.300;  repairs,  oil,  etc.  ($100  per  year), 
;  total,  7,180  cents  per  ton, 

m  Butte  and  Boston  mill,  Butte,  Montana,  found  the  cost  to  be  8.8  cents  per 
txclusive  of  power,  as  against  4.2  cents  per  toe  for  rolls  at  the  Colorado 
ting  &  Mining  Co.  mill.**^ 

l^-foot  Huntington  mill,  running  at  90  revolutions  per  minute,  gave,  when 
ing  ^inch  conglomerate  gravel  in  the  Calumet  and  Hecla  mill  through 
creens  i  incli  and  one  screen  ^  inr^h  diameter  round  holes,  a  product  which 
ting  yielded:  On  10  mesh,  4.8%;  through  10  on  16  mesh,  22.2% ;  through 
I  30  mesh,  43.0%  ;  through  30  on  GO  mesh,  15.1%  ;  through  GO  on  100  mesh, 
;  through  100  mesh.  7.7%.  The  wear  of  iron  was  1.06  pounds  per  ton  of 
1  ground.    Table  160  shows  a  few  capacities  from  other  sources.*****    AH 

TABLE    160. — 0APACITIE9. 


Mine. 

Mill 

Diameter. 

Bevolu* 
tlons  per 
Minute, 

Screen. 

Capacity 
Hours. 

Ouakar  Mine  (a\ 

Feeu 

6 
5 
B 

60  taw 
GO 

Mesh. 
»to40| 
3&to8U 

Tons. 
16  to  30 
10  to  IS 

OtolO 
SI 

fioaw  Mine, 

M*thi]»«  Qrfwk. .........  t . 

Moots  Crteto 

(a)  The  ore  Is  of  a  slaty  nature  with  quartz  and  a  soft  gouge. 


•  Data  mostly  Uken  fpt^m  Mill  21  of  preceding  ubies. 
t  Data  mosti J  taken  from  Mill  39  of  precedlog  tablet. 
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four  are  California  mines  on  or  near  the  mother  lode.  Schnabel***  says  that 
a  Huntington  mill,  near  Tremnitz,  Hungary,  crushing  quartz  with  Z%  pyrite, 
7  to  8  grams  gold,  and  20  grams  silver  per  1,000  kilos,  fed  by  a  Dodge  breaker 
with  lumps  5  cm.  and  less,  and  running  at  70  revolutions  per  minute,  crushed 
12  tons  in  24  hours,  to  pass  through  slotted  screen  with  0.8-mm.  slots.  It  re- 
quired 8  horse  power. 

The  Huntington  mill  made  by  Davey  Paxman  &  Co.  in  England  is  known 
as  the  Paxman  mill.  It  differs  from  the  American  design  in  that  the  rollers 
are  supported  by  collars  upon  the  suspending  rods  instead  of  by  heads  at  the 
ends  of  them. 

The  Nabod  Pulverizbb. 

§238.  This  machine  works  on  the  principle  of  the  Huntington  mill  except 
that  it  is  driven  by  a  belt  and  pulley  directly  upon  the  central  shaft  extended 
upward.  There  are  some  differences  in  the  method  of  suspending  the  rollers. 
The  chief  difference,  however,  is  the  high  speed  of  revolution  and  consequent 
increase  of  output  due  to  the  increased  centrifugal  force.  Figures  given  in 
catalogue,  which  are  backed  by  testimonials  are  given  in  Table   161.    The 


TABLE  161.- 

— NAROD 

PULVERIZER. 

OhqMUSlty  per  94  Hoars 
on  Quarts. 

Horse 
Power  Re- 
quired. 

Revolutions 
per  Minute. 

Screen 
Area. 

Weight 

Feed  Size. 

Screen 
Used. 

CeBtrifugal 
Foroe. 

Tons. 
48  to  06,  dry 

15  to  20 
15  to  20 

140 
140 

Sq.  Feet 
18 
12 

Pounds. 
8,000 
8,000 

Inches. 

Mesh. 
80 
80 

Fminds. 
8,000 

S4  to  48.  wet 

aooo 

weight  of  the  large  ring  or  die  is  500  pounds.    The  three  roll  shells  weigh  210 
ponnds  each  and  have  a  total  swinging  weight  of  about  300  pounds. 

The  Griffin  Roller  Mill. 

§  239.  This  consists  of  a  single  roller  31,  suspended  upon  a  vertical  axis  1> 
rolling  upon  the  inside  of  a  die  ring  70.  (See  Fig.  182).  Power  is  apphed  by 
a  belt  to  a  30-inch  pulley  17,  revolving  in  a  horizontal  plane  and  placed  cen- 
trally over  the  ring.  The  pulley  has  two  journals  27  and  26,  attached  above  tod 
below  respectively,  on  which  it  runs ;  the  supporting  step  or  collar  21  is  below 
the  lower  bearing ;  the  axis  of  the  roller  passes  up  through  the  lower  journal  and 
is  attached  to  the  center  of  the  pulley  by  a  universal  joint  9,  enabling  it  to 
receive  rotation  from  the  pulley  and  also  to  gyrate  in  its  path  around  the  die 
ring. 

The  30-inch  mill  weighs  10,500  pounds.  The  die  ring  is  30  inches  inade 
diameter  and  weighs  250  pounds;  the  roller  is  18  to  20  inches  in  diameter  and 
its  shell  weighs  100  pounds.  The  width  of  contact  between  roller  and  die  ring 
is  6  inches.  Under  the  roller  arc  placed  plows  5  to  keep  the  ore  stirred  up.  The 
die  ring  and  shell  last  8  to  10  days  of  24  hours  on  the  hardest  quar^.  On 
phosphate  rock  they  last  7  months  of  24  hour  days.*^*  The  plows  last  the  same 
length  of  time  as  the  ring  and  shell.  The  roller  revolves  190  to  200  times  per 
minute  on  its  own  axis.  The  crushing  operation  is  started  by  pushing  the  revolf- 
ing  roller  out  of  line  until  it  touches  the  ring.  It  immediately  bites  upon  the 
surface  of  the  latter  and  the  roller  then  rolls  around  on  the  insiae  of  the  die  ring 
exerting  a  presssure,  said  to  be  6,000  pounds,  upon  it.  The  number  of  gyra- 
tions per  minute  of  an  18-inch  roller  will  be  from  286  to  300  calculated  accdrd- 

D  .    ^ 

ing  to  the  formula  ^=-3 — 1  where  2?  is  the  inside  diameter  of  the  ring,  d  is 
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it  has  a  screen  placed  all  around  the  mill  at  a  level  just  above  the  die  ring.  The 
mill  is  found  to  crush  finer  than  this  screen  would  indicate,  for  when  a  16-mesh 
screen  was  used,  90%  of  the  pulp  passed  through  60-mesh  screen.  The  30-inch 
mill  crushed  per  hour  3  to  4  tons  of  phosphate  rock  and  1^  to  2^  tons  of  Portland 
cement  or  hard  quartz  according  to  the  size. 

G.  A.  Barnhart  gives  screening  test  when  using  30-mesh  screen  on  gold  ore, 
at  Mammoth,  Arizona:  Through  30  on  40  mesh,  3.90% ;  through  40  on  60  mesh, 
33.62%;  through  60  on  80  mesh,  5.54%;  througli  80  on  100  mesh,  0.67%; 
through  100  mesh,  56.27%. 

J.  B.  de  Lamar  says  that  when  fed  by  breaker  each  mill  crushed  20  tons  of  the 
hardest  rock  in  24  hours  to  40  mesh  and  finer  without  screening.  The  screen 
used  was  4  mesh.  The  mill  makes  excellent  pulp  for  cyanide  leaching,  better 
than  either  rolls  or  stamps.  With  rolls  the  tailings  ran  $4.65 ;  with  Griffin  thej 
ran  from  $0.89  to  $1.65  per  ton. 

Parkhurst  &  Whipple  say  it  crushes  40  to  50  tons  per  day  of  Breckenridge, 
Colo.,  ore,  with  a  cost  of  wearing  parts  not  to  exceed  10  cents  per  ton.  F.  M. 
Johnson,  Gunnison,  Colo.,  and  J.  H.  Edwards,  Morrisville,  Va.,  both  say  mnning 
cost  will  not  exceed  that  of  a  stamp  mill. 

The  Care  Disintegrator. 

§  240.  This  machine,  originally  invented  in  England,  is  known  in  the  United 
States  as  the  Stedman,  and  in  Germany  as  the  Brink  &  Hubner.  This  is  t 
true  impact  crusher  and  consists  of  several  oppositely  revolving  cages  of  roirnd 
bars.  Fragments  of  coal,  or  other  material  fed  in  the  center,  are  struck  by  the 
bars  of  the  inner  cage,  being  partly  broken,  and  receive  tangential  velocity  in 
one  direction  as  they  pass  outward.  The  bars  of  the  second  cage,  revolving 
rapidly  in  the  opposite  direction,  meet  the  particles  and  strike  them  blows  of 
double  energy.  The  third  and  the  fourth  cages  of  bars  repeat  this  work,  ^ed^l^ 
ing  the  size  of  the  particles  at  each  cage. 

Fig.  183a  shows  the  machine  in  section,  which  consists  of  two  discs ;  one  car- 
ries two  cages  of  forward,  the  other,  two  cages  of  backward  revolving  bars.  Eadi 
cage  is  reinforced  by  a  ring  at  the  opposite  end  of  the  bars.  Each  disc  is  mounted 
on  a  flange  with  a  shaft,  two  bearings,  a  pulley  and  a  fly  wheel.  Fig.  1836  ehoirs 
the  pillow  blocks  slipped  from  their  places  to  allow  the  discs  to  be  pulled  apart 
for  repairs;  it  also  shows  the  removable  housing  which  has  a  feed  hopper  at  the 
side  and  a  delivery  spout  below. 

The  Stedman  machines  are  made  in  five  sizes,  ranging  from  30  to  50  inches 
in  diameter.  The  bars  vary  from  1  to  If  inches  in  diameter  according  to  the 
size  of  the  machine.  Steel  bars  give  the  best  wear.  The  length  of  Sie  hail 
increases  outward  from  the  center,  diminishing  the  tendency  to  clog. 

A  bar  projecting  into  the  inner  cage  breaks  lumps  and  prevents  banks.  Two 
revolving  scrapers  attached  to  the  outer  cage  prevent  accumulation  in  the  hous- 
ing. The  machine  is  not  suited  for  very  hard  materials  on  account  of  rapid 
wear,  but  it  is  extensively  used  for  coal,  especially  in  briquet  manufacturinft 
as  it  is  a  good  mixer  for  the  cementing  material  as  well  as  a  good  pulveriaer. 
For  coal  it  should  be  run  dry ;  not  more  than  4  or  6%  moisture  is  allowed.  Wifl 
hard  substances  water  may  be  used  and  frequent  cleaning  is  then  not  necessaij. 

The  Carr  machine  at  Ahun  collieries,  must  be  cleaned  every  twelve  hcmn 
when  crushing  coal  with  3%  moisture,  every  4  hours  with  6%  moisture.  One 
half  liour  is  consumed  in  cleaning;.  The  fineness  can  be  regulated  by  the  speed, 
and  the  capacity  diminishes  with  the  fineness.  The  capacity  iJso  diminishes 
with  the  wear  ot  the  bars. 


183&. — ^PERSPECTIVE     OF     THE     8TEDMAN     DISINTEGRATOB     WITH     HOUSING 
UAISED  AND  CAQEH   PULLED  APART. 

k**  r|**fnils  of  the  Carr  machine  are  given  in  Table  IB2  and  capacitieB  of  the 
'i  the  Brink  and  Hiibner  are  given  in  Tables  163  to  16^, 
,  West  Virginia*  a  48-inch  Stedman  machine  crushes  300  to  350  tons 
per  day  of  10  hours  to  the  size  of  cracked  wheat. 


TABLE  162.. 

—CARR  Dli 

3INTE0RAT 

DR."* 

Bin*. 

DiAmeter  of 
Rinp, 

Nunit>er  of 
BAra. 

Dlamet«r  of 

Length  of 

8 pace  Apart 
of  Bare. 

^Ifiiorontar.. 

1.8 
L08 
0.»44 

o.flre 

34 

81 

23 

Mm. 

35 

»7 

SO 

85 

aoo 

250 
SSO 

Mm. 
tlO.O 
104.4 
96.8 
98.3 

rciimh..««M 

{0)  Tba  bATl  on  Uia  two  outer  rlxigs  w  round ;  tho«e  on  the  two  iDDer  are  iquAre. 
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TABLE   163. — CAPACITY  OF  STEDHAN,   CRUSHING   FEBTILIZEBS. 


§W1 


Diameter. 

ReTolutioM 
per  Minute. 

Capacity  per  10 
Hours  (HI  Bones 

Horse  Pcwer 
Bequired. 

Inches. 
60 

550 
550  to  600 
550  to  600 
600  to  660 
600  to  660 

700 

Tons. 
80  to  50 
18  to  85 
8to86 
7tol8 
6tol8 
8to6 

86  to  46 
85  to  80 
80  to  85 
18  to  18 
18  to  16 
6to9 

44 

40 

48 

86 

80 

TABLE  164. — CAPAOITY  OF  STEDMAN,  CRUSHINO  GOAL. 


Diameter. 

Capacity  per  10 
Hours. 

Horse  Power 
Required,  (a) 

Inches. 
40 

Tons. 

ITS  to  800 

800  to  850 

850  to  400 

500 

86  to  50 
40  to  00 
70  to  100 
100  to  185 

44 

50 

60 

(a)  1  horse  power  per  every  4  or  6  tons  treated  in  10  hours. 
TABLE   165. — CAPACITY  OF   8TEDMAN,   CRUSHING  OLAY. 


Diameter. 

RoTohitlons 
per  Minute. 

Cai>acity  per  10  Hours. 

Horse  Power 
Required. 

Inches. 
86 

600  to  700 
500  to  550 

Clay  for  15,000  to  85,000  bricln. 
Clay  for  25,000  to  85,000  bricks. 

18  to  16 
16  to  80 

40 

TABLE   166.^^^ — CAPACITY  OF  A 

BRINK   AND  Ht^BNER  AT   MANNHEIM,    (a) 

Kind  of  Feed. 

Size  of  Feed. 

Revolutions 
per  Minute. 

Capacity  per 

Hour  through 

8  mm. 

Water  per       Horse  P(W». 
Minute.           (Indiosted.) 

JiflT  middlinirs 

Mm. 

460 
460 
460 
460 
460 
460 

Kilos. 
8,800 
1,600 
1,800 

8,600 

Liters. 
78 
78 
78 
78 

6to7 

Jig  middlings 

etoT 

Jig  middlings 

<to7 

Blende  and  tead  sand 

6tot 

Blende  and  lead  sand « 

6tot 

Blende  and  lead  sand 

8tot 

(a)  The  diameter  of  the  outer  rina:  of  the  machine  was  800  mm.  The  product  had  67^  over  0.85  mm.,  tt( 
between  0.36  and  0.1  mm.,  and  18;(  below  0.1  mm.  Yearly  statistics  show  the  wear  to  be  about  four  timef  (w 
of  rolls. 

Sturtevant  Mills. 

§  241.  This  consists  of  a  cylindrical  die  ring  A,  (Pig.  184),  with  horizontil 
axis.  Entering  the  two  ends  of  it  and  facing  each  other  are  two  cups  Z>.  Theae 
are  mounted  on  horizontal  shafts  E  with  pulleys  F  and  are  revolved  at  hij^ 
speed,  usually  in  opposite  directions.-  The  two  cups  D  quickly  fill  up  with  com- 
pacted crushed  rock  to  conical  concave  surfaces,  and  crushing  then  takes  place 
when  ore  is  fed  in  through  the  hopper  0  above  by  blows  reoeived  from  the  copi 
and  from  lump  hitting  lump. 

The  die  ring  A  is  made  up  of  small  sections,  of  chilled  cast  iron,  4  indta 
wide  and  5  inches  long,  laid  around  the  cylinder.  Thqr  are  perforated  wift 
slots  \  inch  wide,  3^  inches  long,  with  bars  -^  inch  thick  between  them.  The 
upper  portion  of  the  die  ring  is  left  out  to  provide  for  the  feed  hopper.  A 
housing  H  of  cast  iron  is  placed  all  around  the  die  ring  and  conveys  the  crushed 
ore  to  the  hopper  K  beneath.  The  air  within  the  housing  is  exhausted  by  i 
suction  fan  to  remove  fine  dust 
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Tiiis  housing,  with  its  axis  lengthwise,  is  bolted  firmly  to  the  center  of  a  long 
bed  plate  L.  The  two  boxes  B  of  each  shaft  are  mounted  upon  short  bed  plates 
M,  sliding  in  guides,  which  are  in  turn  bolted  to  the  long  bed  plate  L.  This 
construction  gives  perfect  freedom  for  sliding  the  cups  with  their  shafts  and  bed 
plates  toward  the  housing  for  taking  up  the  wear  on  bushings^  which  is  done 
about  every  five  hours  on  hard  materials,  not  for  days  on  some  soft  materials,  or 
away  from  the  central  housing  for  replacing  bushings  and  screen  blocks. 

The  wear  takes  place  on  the  ends  of  the  cups  D  and  on  the  chilled  sections  of 
the  die  ring  A.  The  former  is  made  good  by  the  use  of  replaceable  bushings, 
the  latter  by  replacing  the  die  sections  when  they  are  worn  out.  The  sizes, 
speeds,  capacities  and  power  required  are  given  in  Table  167.  On  trap,  granite 
and  quartzite,  J.  Heard,  Jr.  obtained  the  following  in  an  8-inch  mill:  Through 
8  on  10  mesh^  7.4% ;  through  10  on  20  mesh,  19.8% ;  through  20  on  30  medi, 

TABLE   167. — STURTEVANT  MILL. 


DlAmeterof 
Cup  Inside. 


Capacity  per 
24  Hours. 


Revolutions 
per  Minute. 


Horse  Power 
Required. 


Material 
Crushed. 


Siseof  Feed. 


Bof  Pirad> 
net 


Inches. 


19.. 
16. . 


Tons. 
18 
72 
96 

laotoioa 

144  to  168 

144  to  168 

840 

840 

'   648to780  ' 

884 

888 

188  to  86 


1,800 

i;wo 

1,000 


860 


80 
60 


60  to  76 


Quartz. 

Phosphate... 

Baryta. 

Copper  matte 

Phosphate... 

Tin  quarts... 

Limestone. . . 
.Iron  ore. 

Iron  ore. 

j  Ducktown.. 

( copper  ore. 

Phosphate... 

N.  Y.  cement 


Inches. 
8 
4 
4 

8 
4 

4 
4 


6to6 

6to6 

6to8 
6to6 


80 
10(a) 
16 
6 
10(a) 

h 

16 


(a)  Throui?h  10  on  60  niesli,  4iy%;  through  60  mesh,  W%.  (6)  Through  90  on  80  mesh,  ^3;  through  80  on  4D 
mesh,  7.5)(;  through  40  un  50  mesh,  lO.Q^;  through  50  on  60  mosh,  1.35j(;  through  60  on  70  mesh,  16Jq(;  throosh 
70  meith,  42.^%. 

11.5% ;  through  30  on  40  mesh,  5.0% ;  through  40  on  50  mesh,  5.0% ;  through 
50  on  60  mesh,  5.0% ;  through  CO  on  70  mesh,  5.0% ;  through  70  on  80  mesh, 
1.6% ;  through  80  on  90  mesh,  1.7% ;  through  90  on  100  mesh,  2.5% ;  throudi 
100  on  120  mesh,  7.0% ;  through  120  on  140  mesh,  6.5% ;  through  140  meA, 
22.070. 

The  bushings  which  are  If  inches  thick  and  enter  the  die  ring  about  IJ  inches, 
wear  about  f  inch  per  20  hours  when  crushing  magnetic  iron  ore  or  quartz  in  8 
20-iiieh  mill.  Hoffman^'-*'  reports  that  one  complete  set  of  bushings  and  screen 
blocks,  weighing  1,000  pounds  for  a  20-iiich  mill,  crush  4,000  to  6,000  tons  of 
Port  Henry  magnetite  corresponding  to  0.167  pounds  of  metal  worn  out  per  ton 
of  ore  crushed.  Sahlin^"**  claims  to  have  evidence  that  a  set  will  crush  only  600 
tons. 

The  mill  is  suited  only  for  dry  crushing  from  4  inches  down  to  20  mesh.  The 
work  of  this  mill  is  said  to  be  selective  and  acts  upon  the  minerals  somewhat  in 
proportion  to  their  hardness  and  tenacity.  For  example,  Wm.  Poster  found, 
when  working  the  tin  ore  of  Irish  Creek,  Va.,  that  the  cassiterit€,  being  harder 
than  the  gangue  rock,  had  a  larger  per  cent,  of  coarser  grains  than  the  latter. 
This  favored  the  subsequent  concentration.  This  quality,  however,  in  caae  of 
soft  ores  like  galena  or  chalcopyrite  would  be  adverse  to  the  mill  as  the  softer 
minerals  would  probably  slime  more  than  the  gangue. 

Ctolonb  Pulverizeb, 

§  242.  This  machine  consists  of  two  fans,  with  six  arms  each,  in  fhe  fbixn  of 
propeller  blades  facing  one  another  and  making  from  1,000  to  3,000  reTolntiom 
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in  opiM^t^ite  direction.^    In  the  earlier  form  the  shafts  were  inclined 
in  V  ihoy  are  horizunlal.     The  two  fnns  arc  placed  a  few  inches 

0  ^  1  ore  fed  between  them  is  batted  from  one  to  the  other,  the 

iiir  coninbulmg  to  the  crushing  action.     The  disintegration  is  due  to 
The  chamber  in  which  the  crushing  is  done  is  in  tlie  form  of  two  trun- 
lotitti,  the  ba.ses  of  wliich  are  unitt'd  by  a  .-^hort  cylinder;  this  is  made  of 
and  18  lined  wiUi  ehilled  cast  iron  liners.     The  ore  is  fed  by  roller  feed- 
^  discharged  by  a  suction  fan.     The  feed  should  be  of  nut  size.     Table 
the  details. 

TABLE  168. — CYOLONB  PDLVEHIZER, 


Weight  of  RffplaceabJe 


Horso  Power  Kiia- 
ninif  Empty. 


Horse  Po««p 
CniablnR. 


Capacfty  per  94  Houni. 


Pounda. 

a.  as 

2S 


Pounds. 

10,060  nl  Winty  quarfct. 

24.7^  of  plumbago. 


i€r  Bteel  with  0.3  to  0.4%  carbon  has  been  adopted  as  best  material  for 
On  raw  heating  cinder  one  set  of  bladcb  lasted  28,000  pounde,  costing 
per  ton  for  wear.     The  mill  is  used  for  crushing  talc,  graphite,  slags, 
jre  very  fine  grinding  is  desired. 

Whelpley  and  Stores  Pulverizer. 

This  is  cylindrical  in  shape  with  a  horizontal  shaft  revolving  1,025 
!•  minute.     On  it  are  four  hubs  with  six  paddles  each.     The  ore  is  fed 
d  through  a  hopper  and  passes  in  front  of  the  paddlei^  of  the  first  three 
I  succession,  being  broken  by  impact  against  the  paddles,  the  shell,  and 
e  against  particle.     The  fourth  paddle  wheel  is  a  suction  fan  drawing 
air  through  the  mill  and  discharging  the  crushed  ore  at  its  circumfer- 
'"   a  tangential  orifice  like  that  of  fan  blowers;  15  hors^e  power  will 
s  in  24  houFF,  of  which  80%  will  go  through  a  lOO-mesh  sieve. 
\  H.  Eames'  modification  of  this  mill  at  Wine  Harbor,  Nova  Scotia,  is 
I  in  diameter,  makes  800  to  880  revolutions  per  minute  and  crushes 
ler  24  hours  of  hard  dry  quartz  from  2  me«h  through  80  mesh,  using  12 
rcr-    The  wear  ol  iron  is  3  pounds  per  ton. 

Vapart'8  Disintegrator. 

This  consists  of  three  rapidly  revolving  horizontal  discs,  one  above  the 
th  radial  fins  on  their  surfaces*  Ore  is  fed  at  the  center  of  the  top 
ie  throw^n  by  centrifugal  force  against  a  surrounding  ring  and  broken 

St.  The  ore  is  then  delivered  by  a  chute  to  the  center  of  the  second  disc 
rown  out  again.     The  same  action  is  repeated  on  the  third  disc.     It  is 

that  the  impact  due  to  this  machine  can  be  so  perfectly  adjusted  that 

for  example,  may  be  broken  while  pyrite  is  not,  and  a  sieve  will  then 
the  fine  blende  from  the  coarse  pyrite.     A  description  of  this  process 

egration  and  screening  as  used  at  Lintorf  is  given  in  §  615. 

BiBUQQRAPHT  POB   PULVERIZERS   OTHEB  THAN   GBAVTrT  &TAlfPB. 

T..  (1897  and  1890),  *' Metallurgy/'  Vol.  I,,  p.  270;  VoK  IL,  pp.  353, 
'988*     DoRcrJption,  capacity,  power,  wear  or  cost,  method  of  working,  ad  van- 

ta^m  und  di Bad  vantages. 
Utachmann.   M,   F.,    (1864),  ''Aulbertitung,"   Vol.   L,  p.  652.    Descriptioa, 

Oipaettjr  and  power- 
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3.  Hunt,  R.,  (1884),  "British  Mining,"  p.  742.    Description,  capacity  and  power. 

4.  Louis,  H.,  (1894),  "Gold  Milling,"  pp.  243,  249.    Description,  capacity,  power  and 

method  of  working. 
6.  Phillips,  J.  A.,  (1887),  "Metallurgy,"  pp.  685,  791,  793.     Description,  capacity, 
wear  or  cost  and  method  of  working. 

6.  Rose,  T.  K.,  (1894),  "Gold,"  p.  87.    Description,  capacity,  wear  or  cost,  method 

of  working  and  advantages  and  disadvantages. 

7.  Am,  Inst.  Min.  Eng.,  Vol.  XI.,  (1882),  p.  63.    R.  E.  Chism.    Description,  capafr 

ity,  power,  wear  or  cost  and  method  of  working  at  San  Dimas,  Mexico. 

8.  Berg.  u.  Ilutt.  Zeit.,  Vol,  LVl.,  (1897),  p.  346.    B.  Knochenhauer.    Description 

and  capacity. 

9.  C(U.  Bull.,  No.  6,  (1895),  p.  58.    £.  B.  Preston.     Description,  capacity,  power 

and  method  of  working. 

10.  CaU  Rep.,  Vol.  XI.,  (1891-2),  p.  315.    J.  B.  Hobson  and  E.  A.  Wiltsee.    Deacrip. 

tion,  capacity,  wear  or  cost,  method  of  working,  advantages  and  disadvu- 
tagcs  and  water  used,  at  Smartsville  and  Mooney  Flat. 

11.  Coll.  Eng.,  Vol.  XVII.,   (1897),  p.  267.     H.  Van  F.  Funnan.    Description  tnd 

advantages  and  disadvantages. 

12.  Eng.  d  Min.  Jour.,  Vol.  XXXlll.,  ( 1882),  p.  104.     M.  Rul.     Description,  capadtj, 

power,  method  of  working  and  water  used,  at  Guanaxuato,  Mexico. 

13.  Min.  Ind.,  Vol.  III.,  (1894),  p.  343.    L.  Janin,  Jr.    Description,  capacity,  ir«tr 

or  cost  and  method  of  working. 

14.  Min.  d  Sci.  Press,  Vol.  LII.,   (1880),  p.  237.     No  author.    Description. 

15.  Ibid.,  Vol.  LXVII.,   (1893),  p.  277.    J.  A.  Edman.    Description,  capacity,  war 

or  cost  and  method  of  working. 

16.  Ibid.,  Vol.  LXX.,   (1895),  p.  209.     No  author.     Description,  capacity,  wear  or 

cost  and  advantages  and  disadvantages. 

17.  Ibid.,  Vol.  LXXIV.,    (1897),  p.  341.     No  author.     Description,  capacity,  power, 

wear  or  cost  and  method  of  working. 

18.  North  Eng.  Inst.  Min.  d  Mvch.  Eng.,  Vol.  XLII.,  (1892-3),  p.  87.    A.  G.  Chtrlfr 

ton.     Description,  capacity,  wear  or  cost,  method  of  working  and  advantages 
and  disadvantages.     General  article  on  various  processes. 

19.  Prod.  Gold  d  Silver  in  U.  S.,  (1880),  p.  347.    Description,  capacity  and  power  of 

Paul's  arrastra. 

20.  Tenth  U.  S.  Census,  Vol.  XIII.,    (1880),  p.  280.    8.   F.   Emmons  and  G.  F. 

Becker.    Description,  capacity,  power,  wear  or  cost  and  advantages  and  dis- 
advantages. 
HowLAND  Mill,  No.  2. 

21.  Eng.  d  Min.  Jour.,  Vol.  XXXIV.,    (1882),  p.  211.     No  author.     Description, 

capacity  and  power. 
Amalgamating  Pans: 

22.  Egleston,  T.,   (1887  and  1890),  "Metallurgy,"  Vol.  I.,  p.  368;  Vol.  II.,  p.  528. 

Description,  capacity,  wear  or  cost  and  method  of  working,  of  several  paw. 

23.  Eissler,  M.,  (1896),  "Metallurgy  Gold,"  p.  50.    Description  and  method  of  work- 

ing, of  several  pans. 

24.  Ibid.,  (1891),  "Metallurgy  Silver,"  pp.  62,  119,  340.  Description,  capacity,  wear 

or  cost  and  method  of  working,  of  several  pans. 

25.  Gaetzschmann,  M.  F.,  (1804),  "Aufbereitung,"  Vol.  I.,  p.  650.    Description  of  an 

old  form. 

26.  King,   Clarence,    (1870),   "Geol.   Exp.   40th   Parallel,"  Vol.   III.,  pp.   197,218. 

Description,  capacity  and  method  of  working.    Elaborate  article,  on  aeveral 
pans. 

27.  Lock,  A.  G.,    (1882),  "Gold,"  p.   1035.     Description,  capacity  and  method  of 

working. 

28.  Phillips,  J.  A.,  (1887).  "Metallurgy,"  p.  706.    Description,  capacity  and  method 

of  working,  of  several  pans. 

29.  Rickard,  T.  A.,  (1897),  "Stamp  Milling,"  pp.  110,  123,  172.    Description,  wear  or 

cost,  method  of  working,  of  several  pans. 

30.  Rose,  T.  K.,  (1894),  "Gold,"  p.  155.    Description  and  method  of  working. 

31.  Am.  Inst.  Min.  Eng.,  Vol.  II.,  ( 1874) ,  p.  159.    J.  M.  Adams.     Method  of  wcrkmg. 

32.  Ibid.,  Vol.  VIII.,   (1880),  p.  556.    R.  P.  Rothwell.    Capacity,  wear  or  cost  and 

method  of  working,  at  Ontario  mill. 

33.  Ibid.,  Vol.  XL,  (1882),  p.  91.    W.  L.  Austin.    Description,  capacity  and  method 

of  working,  of  Boss  system  at  Harshaw  mill. 

34.  Ibid.,  Vol.  XV.,   (1887),  p.  601.    J.  A.  Church.    Method  of  working  at  Tomb- 

stone. 

35.  Ibid.,  p.  733.    W.  Lindgren.    Method  of  working  of  Boss  ayatem  at  Calico,  CaL 
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Iftirf.,  Vol.  XIX..  (18aO)»  jK  195.     A.  D,  IlcHJgfs.     Drsrripti-ni,  fupucity,  weiir  or 

cobt  mid  melliotl  uf  workin^jf.     lliHtorical  ftrlicle  on  Coni&tuok  Jode. 
Iftii.  drj  Mima,  feerk-a  VIL,  Vol  VL,  \  IH74).  p.  *J8.     P.  \..  Hurth^.     Dcseriiilion, 
wc«r  or  cost,  method  of  working  and  advautagcs  and  disadvantages,  of  the 
Vartjey  itaa. 
Btrg,   u.  Uutt.  Ze%U  VoL  XXXIX.,   (1880),  p*  360,     T.  Egleston.     Method  of 
working. 

J9.  CqIL  Bng.,  Vol,  XVIL,  (1807),  p.  344,  II  Van  F.  Furman.  Description,  capac- 
ity, and  methotl  of  working,     Genernl   article. 

40.  Engi'necHng,  Vol,  XXVIL,  (1879),  p.  43.     T.  Egleston.    Description  and  method 

of  working. 

41.  Eng.  d  Min.  Jour.,  VoL  XIV.,  (1872),  p.  417.     No  author.     Description  of  the 

Wheeler  pan. 

42.  Ibid.^  VoL  XV..  (1873),  p.  L     No  autlior.     Description  of  the  Horn  pan. 

43.  ibid, J  p.  17.     No  author.     Description  of  the  Patton  pan. 

44.  Ibid.^  Vol.  XVIL,  (1874),  p.  305.     J.  M.  Adams.     Method  of  working.     Same  as 

A.  /.  M.  E,,  VoL  U.,  p.  159. 
49.  md,,  VoL  XXXI.,  (1881),  p,  170.    W.  U  Austin,    Method  of  working  of  Bo8» 

fiVfteni. 
41k  ibid.,  Vof.  XXXIV.,  (1882),  p.  207.    P.  A.  Lowe.    Method  of  working  at  Bato- 

pilas,  Mexico. 
47.  Ibid.,  p.  30H.     VV.  L.  Austin,     Description,  capacity  and  method  of  working.     Ab- 

etract  of  .4.  f*  M.  E.,  VoL  XL,  p.  01. 
4a,  Ihid,,  VoL  XLUL,    (1887).  p.  '274.     J.  A.  Church,     Method  of  working.     Ab- 

atract  of  A.  /.  M  E.,  VuL  XV,,  p.  601. 

49.  Ibid.^  VoL  LL,   (181^0),  p.  205.     A.  D.  Hodges.     Description,  capacity,  wear  or 

cost  and  method  of  working.    Abstract  of  A,  /.  if.  L\,  VoL  XIX.,  p.  195. 

50.  ibid.,  VoL  IJL,  (1805),  p.  5tJU.     L.  VV.  Tiitum.     Method  of  working. 

5L  Qtnic  Civih  VoL  XXV.,    (1804),  p.   116-     l\  Ferrand.     Method   of  working  at 

Ouro  Preto,  Brazil. 
K.  Imi,  Civ.  Eng.,  Vol.  CVIIL,   (1892),  p.  128.     A.  IL  Curtis.     Deacription  of  Ber- 

dati*8  pan. 
63.  Min,  Ind.,  Vol.  IIL.   (1894),  p.  348.     L.  Janin,  Jr.     Method  of  working. 

54.  Min,  d  iici,  Pfcsi,  VoL  LIX.,  ( 188U),  p.  207.    No  author.    Description  of  the  Bom 

pan. 
65.  /'rod.  Gold  d  Silver  in  V.  8.,   (1881),  p.  5CG.     C.  G.  Yale.     Description  of  the 

Uuntington  pan. 
Mv  Ra^fmittuVi  Hvp.,  (1870),  p.  683.     R.  W,  Raymond.    Description  of  the  several 

pans. 

57.  Ibid.,   (187U,  p.  305.    R.  W.  Raymond,     Description,  wear  or  cost  and  method 

of  working,  of  several  pans, 

58.  ibid.,  \  1873 ),  p.  405.     JL  \V.  Raymond.    De.scription  and  capacity,  of  several  pans. 

59.  /&t«i..  1 1874),  p.  407.     J.  M,  Adanm.     Method  of  working.    Same  as  A.  I,  if.  £7., 

VoL  IL.  p.  160. 

50.  f€nth  IK  N.  fVfwruj,  VoL  XllL,  (1880),  p.  258.  8.  F.  Emmons  and  G.  F.  Becker. 
Description,  capacity,  wear  or  cost  and  method  of  working,  of  several  pans. 

6L  Ifetl.  Berg.  Iliitt.  u,  Salinvntcegen,  VoL  XX\a.,  (1878),  p.  571.  Koch.  Descrip- 
tion, capacity  and  method  of  working,  on  Comstock  lode. 

Up  Pitw: 

02.  Ro»e.  T.  K..  (1804),  *'(Jold/'  p.  128.     Description. 

03.  CaL  Bull,  No.  C,  (1895),  p.  20.    E,  B.  Preston.    Description,  power  and  method 

of  working. 

04.  rc#IL  Eng^,  VoL  XVIL.   (1897),  p.  302.     H.  Van  F.  Furman.    Description. 
MlU-  OB   BtniMTONK   MILL: 

55,  GaetJEschraann,   M.    F..    (1864),   "Aufbereitung,"   VoL   L,   p.   538.     Description, 

capacity  and  power. 

56.  Hunt.  R..  flHH4),  "British  Mining,"  p.  741.     Capacity. 

57,  Rittinjfer.  P.  R.  von,  {1807),  "Aufbereitungskundc/*  p.  52.     Description,  capacity 

and  power. 
68,  4  m.  Imt.  St  in,  Eng.,  Vol  XXL.  (1802),  p.  687,    A.  Saltlin,    Capacity,  power  and 
wear  OT  cost,  in  grinding  talc, 

EmRir  Mnx! 

0,  Emg.  d  Min.  /our^  VoL  LXI»  (1896),  p.  256.    No  author.    Description. 

70t  Fmberger  Jakrb,,  (1880),  p.  14.  A*  F.  Wappler.  Description,  capacltf  and 
untkt  or  cost. 
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Caret  Mill: 

71.  Eng.  <k  Min,  Jour,,  Vol.  XLVII.,  (1889),  p.  111).     No  author.     DescripiioiL 
KOLSHOBN  &  Stbecker*8  Gbinoeb: 

72.  Thonind,  Zcit.,  Vol.  XX.,  (1896),  p.  714.     No  author.    Description. 
CuMMiNos  Mill: 

73.  Am.  Inat.   Min.  Eng.,  Vol.   XXI.,    (1892),  p.  516.    C.   M.   BalL    Description. 

capacity,  power  and  wear  or  cost. 
Cone  Mill: 

74.  Gaetzschmann,   M.   F.,    (1864),   "Aufbereitung,"   Vol.    I.,   p.    567.    Descriptwn, 

capacity,  power  and  advantages  and  disadvantages. 

75.  Lamprecht,  R.,   (1888),  "Kohlenaufbereitung,"  p.  8.    Description,  capacity  and 

power. 

76.  Rittinger,  P.  R.  von,  ( 1867 ) ,  " Aufbereitungskunde,  p.  53.    Description,  capadtj, 

power  and  wear  or  cost. 

77.  Am.  Inst.  Min.  Eng.,  Vol.  XVI.,  (1888),  p.  681.     O.  Hoffman.     Description  of  a 

modified  form  with  very  flat  cone. 

78.  Engineering,  Vol.  XV.,  ( 1873),  p.  375.    No  author.    Description  of  a  mill  withont 

teeth. 

79.  Eng.  d  Min.  Jour.,  Vol.  XXII.,   (1876),  p.  296.     No  author.     Description  oft 

form  called  Baugh's  mill. 

80.  if  in.  d  iS'ci.  Press,  Vol.  LVIII.,  (1889),  p.  247.    No  author.    Description. 

81.  Coll.  Eng.,  Vol.  XVII.,   (1897),  p.  267.     H.  Van  F.  Furman.    Description. 
Nicholas  Pulvebizeb: 

82.  Gaetzschmann,  M.  F.,    (1864),  *'Aufbereitung,"  Vol.  I.,  p.  564.     Description  of 

several  mills  acting  on  same  principle  as  Nicholas. 

83.  Hunt,  K.,   (1884),  "British  Mining,"  p.  740.    Description,  capacity  and  power. 

Sizing  tests. 

84.  Berg.  u.  Hutt.  Zeit.,  Vol.  XLIV.,   (1885),  p.  550.     B.  Kossmann.     Description, 

capacity  and  power,  compared  to  others. 

85.  Rev.  dc8  Mines,  Vol.  XXI.,  (1893),  p.  311.    L.  Demaret    Description,  csptdty 

and  power. 
Hkbebli  Mill: 

86.  Bilharz,  O.,  (1896),  "Mech.  Aufbereitung,"  Vol.  I.,  p.  126,    Description,  capacity, 

power  and  wear  or  cost. 

87.  Kunhaidt,  W.  B.,  (1884).  "Ore  Dressing,"  p.  52.     Description,  capacity,  wear  or 

cost  and  water  used.     Quality  of  crushing. 

88.  Linkenbach,  C.   (1887),  ''Aufbereitung  der  Erze,"  p.  42.     Description,  capacity, 

power,  wear  or  cost  and  water  used.     Comparison  with  Schranz  mill. 

89.  Berg.  u.  Uiitt.  Jahrb.,  Vol.  XXX.,  (1882),  p.  24.     J.  Habermann.     Sieve  sttach- 

ment. 

90.  Berg.  u.  Uiitt.  Zeit.,  Vol.  XXXVai.,   (1878),  p.   159.     E.  Heberle.    DescripUon, 

capacity,  advantages  and  disadvantages  and  water  used. 

91.  Ibid.,  Vol.  XL.,    (1881),  p.   154.     J.   Habermann.     Description  and  advantages 

and  disadvantages.     Abstract  from  Oest,  Zeit.,  Vol.  XXVIII. 

92.  Ibid.,  p.  400.     E.  Heberle.     Description,  capacity,  we^r  or  cost,  advantages  and 

disadvantages  and  water  used.     Results  of  tests  for  extraction. 

93.  Ibid.,  Vol.  XLII.,    (1883),  p.  80.     No  author.     Capacity  and  wear  or  cost,  at 

Tarnowitz. 

94.  Dingler's  Polyt.  Jour.,  Vol.  233,   (1879),  p.  365.     No  author.     Description. 

95.  Ibid.,  Vol.  237,  (1880).  p.  189.     No  author.    Description.     Quality  of  cmshing. 

96.  Eng.   d   Min.   Jour.,   Vol.    XXXII..    (1881),    p.    371.     E.    Heberle.     Description, 

and  capacity.     Abstract  from  B.  d  H.  Z.,  Vol.  XL.,  p.  400. 

97.  Ibid.,  Vol.  LIII.,   (1892),  p.  GG5.    J.  W.  Meier.     Description,  capacity,  wear  or 

cost   and   advantages   and   disadvantages.    Abstract   ht>m   Oeat.  Zeit.,  Vol 
XXVIII. 

98.  Oest.    Zeit.,   Vol.    XXVI.,    (1878),    p.    233.    J.    Habermann.     Description  and 

capacity  of  the  Dingev  mill. 

99.  Ibid.,  Vol.  XXVIII.,    (1880),  pp.  384,  581,  596.    J.  Habermann.    Description 

capacity,    wear    or    cost   and    water    used.    Comparison    with    stampa  and 
Dingey  mill. 
BooABDUS  Mill: 

100.  Gaetzschmann,   M.   F„    (1864),   "Aufbereitung,"   Vol.   I.,   p.   544.     Descriptiaii 

capacity,  power  and  wear  or  cost.    Elaborate  article. 

101.  Dingler's  Polyt.  Jour.,  Vol.  LVL.    (1835).  p.  285.     No  author.     DeseriptioB. 

102.  Ibid.,  Vol.  LXX.,  (1838),  p.  343     No  author.    Description. 

J03.  Ibid.,  Vol.  cm.,   (1847),  p.  18.     No  author.    Description  and  advantsges  aad 
disadvantages. 
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"British  Mining/' 
Sizing  testa. 


p.  739.    Description,  capacity,  power  and 


229.     No  author. 
Description. 


Description. 


p,  312,     No  aythor.     Capacity, 
^ihid,.  Vol.  CIV.,  <1847),  p.  18.     No  author.     Capacity  and  power. 
It^td.^  Vol.  CVl.,   (1847),  p.   15.     No  author*     Description,  cupncity,  power  and 
wear  or  cost 

F4CK*S   PULVCUIZEU: 

W,  Hunt  U..   U*i84) 
wear  or  cost, 

i,  Bilhitrz,  0.,    (1806K  "M^ch.   Aufbereitiing,"  Vol.   U   p.    124.     Description  and 
ftdvanlAges  and  disadvaDtagea. 
lOU.  liant.  H,,   (1884).  "British  Mining,"  p.  737.     Description  and  capacity. 

110.  Kunhardt,  \V.  B.,    (1884).  "Ore  Dressing.*'  p.  51.     Discriptt^in. 

111.  fifTr/.   «,    HUtt.  Jahrb.,  VoL   XXX.,    (1882).   p.   2HL     A.   UMmutnim.     Capacity, 
power,  wear  or  cost  and  water  used.     Comparison   willi  other   mills. 

112.  Ibid,,  Vol.  XXXL»    (18S3).  p.  207.     -K    Kabeniiann.     Capacity,  power,  wear  or 
co»t  and  water  used.     Comparison  with  otlier  millH. 

113,  En^.  ti  Min.  Jour,,  Vol.  LllL,   (1892),  p.  6*50.    J.  W.  Meier.     Description. 
114^  /fuif.  Mech.  Eng,f  (1873),  p.  131.     H,  T.  Ferguson.     DcBcription  and  capacity,  in 

CornwalL 
115,  Zeit  Btrg,   ttutt,  u,   Salinenweam,  Vol.   XXVI.,    (1878),   p.    134,     E.   Althans, 
Detscrtption,  capacity,  power  and  advantages  and  disadvantages.     Sizing  test, 
rt  Pas; 
^ItL  JTm.  d  Set.  Prca^,  Vol.  LXlll.,   (1891),  p.  285.     No  author.     Description  and 
capacity. 
ti*«  Mtu*: 

117.  lUngUr's  Potyt.  Jour.,  VoK  228,   (1878),  p. 

118.  Ibtd.,  Vol.  240,   (1882).  p.  46.     No  author. 
KjtcB  Ball  Mill; 

119.  Z*^t    Hrnj.  HiHL  u,  Salinenwtscn,  Vol.  XXXVH.,   (1889),  p.  255.     No  author. 
Description,  capacity,  power  and  wear  or  cost. 

Ball  Mill: 

120.  Bilharz,  O..  (1896),  "Mech.  Au there i lung,'*  Vol,  I.,  p.  110.    Description,  capacity 
and  power, 

121.  Davirs,  K.  lU  (1894),  "Mach.  Metal.  Mines/'  p,  245.     Description. 

122.  Kisskr,  M.,  (1800),  '^Metallurgy  Uold,"  p,  148,     Description  and  advant^ea  and 
disadvantage. 

123.  Foster,  C,  he  N„   (1894).  '*Ore  &  Stone  Mining."  p.  567.     Description. 

124.  Kirfchner,    L^,    (1898),    '^ErzauBwreitung,    p.    68,      Description,    capacity 
power. 

Kn<f.  d  Min.  Jouk,  Vol,  LVII.,   (1894),  p.  464.     No  author.     Description. 
ULL  Mills  akd  Tubi:  Mills: 
Egfeslon,  T..    (1887).  "Metallurgy,"  Vol.  I.,  p.   129.     Description,  capacity 

wear  or  cost;  of  ball  mills  as  a  class. 
127.  Gaetx6chri)aiin,  M.  K.     (1864),    "Aufbcrcitung,'*    Vol.    I,,    p.    691.     Description, 

capacity  and  power,  for  several  varieties. 
Berg,  u,  UutL  ZmU,  VoL  XLVIIL,  (1889),  p.  150.    No  author.    Description  of 

Lobnert's. 
etoy   Worker,  Vol  XXVI.,    (1896),  p,  442.     No  author.     Description,  capacity 

and  power,  for  Groke's. 
.  Dinal^n  Pohft.  Jour.,  Vol.  300.    (1897).  pp.  38,  59,  83.     L.  Sell.     Description, 

Very  conaplete,  describing  over  20  forms. 
/iwf.  Civ,  Eng.,  Vol.  CVIU.,  (181^2),  pp.  124.  163,  181.     A,  H,  Curtis,   Capacity, 

power  and  advantages  and  disadvantngeo  of  ball  mills  as  a  class. 
Jfin-  d  8ci,  Press,  Vol.  LXXV.,    (1897),   p.  386.     No  author.     Description  of 

Panra 
Orjrf.  jf«fi*.,  VoL  XXXVin..  (1890),  p.  284.    A,  Qmehling.    Description,  capacity 

and  power,  for  IjOhnert's. 
Ibid,  Vol.  XLV.,    (1897),  p.  328.    C,  BlOmeke.     Siiin^  tesU, 
Ftahl  u.  Ei9i^n,  Vol.  XI,.  (1891),  p,  507,     No  author.    Description  of  Ehmke's. 
Thtrntml.    Zeit,,    Vol,    XIX.,     (1895),    p.    397.      No    author.      Description    of 

l-<>hncrt*s. 
ihid,^  p.  041,     Rasch.     Dpscription,  capacity  and  power,  of  Siller  &  Dubois. 
ibid .  p,  0-12.     Fow-     De^tTiption,  capacitv*  power  and  wear  or  rost,  of  "rohr- 

mOhle," 
Ifttd,,  VoL  XX.,   (1896),  p.  860.     No  author.     Description  of  Cohn's. 


and 


and 


128. 
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140.  Ihid,,  Vol.  XXI.,   (1897),  p.  203.    No  author.    Description  of  Hcinstcin's. 

141.  Ihid,^  p.  1052.    No  author.    Description  and  advantages  and  disadvantage!,  of 

a  chamber  mill. 
Dodge  Mill: 

142.  Eng,  d  Min.  Jour.,  Vol.  XLVIII.,  (1889),  p.  501.    No  author.    Description. 

143.  Ibid.,  Vol.  LXI.,  (1896),  p.  613.    No  author.    Description,  capacity  and  power. 

144.  Min.  d   8ci.  Press,   Vol.   LXXIII.,    (1896),   p.   71.    No   author.     Descnptioi, 

capacity  and  power. 
Lowe's  Mill: 

145.  Egleston,  T.,  (1890),  "Metallurgy/'  Vol.  II.,  p.  420.    Description,  capacity,  pomr 

and  advantages  and  disadvantages. 
Miohell  &  Tbegonino  Pulvebizeb: 

146.  Hunt,  R.,  (1884),  ^'British  Mining,"  p.  738.    Description,  capacity,  wearoreoit 

and  water  used.  \ 

Babtlb  Pulvebizeb:  ^ 

147.  Rev.  des  Mines,  Vol.  XXI.,  (1893),  p.  31}.    L.  Demaret    Description,  capieitj 

and  power. 
TusTiN  Mill: 

148.  Egleston,  T.,  (1890),  "Metallurgy,"  Vol.  II.,  p.  422.    Description,  capadt;  tnd 

rwer.  • 
Rep.,  Vol.  VI.,  (1886),  Part  2,  p.  41.    F.  B.  Morse.    Capacity,  power  tnd 

water  used 

160.  Eng.  d  Min.  Jour.,  Vol.  XXXVII.,  (1884),  p.  63.    L.  Wagoner.    Description  tnd 

capacity.    Abstract  from  Tech.  8oc.  Pac.  Coast, 

161.  Prod.  Gold  d  Silver  in  U.  8.,   (1881),  p.  573.     C.  G.  Yale.     Description. 

152.  Tech.  8oo.  Pac.   Coast,  Vol.   III.,    (1886),   p.   45.    L.   Wagoner.     Descriptkn, 

capacity,  sizing  tests  and  gold  extracted. 
l^iAflAnA  Ortjsheb* 

153.  Coll  Guard.,  Vol.  LXX.,  (1895),  p.  652.    No  author.    Description,  capacity  and 

power. 
164.  Inst.  Civ.  Eng.,  Vol.  CVIII.,  (1892),  p.  127.    A.  H.  Curtis.     Description,  capw- 
ity  and  power. 
Clean  Up  Barrel: 

155.  Cal.  Bull.,  No.  6,  (1895),  p.  29.    £.  B.  Preston.    Description  and  power. 
Alsino  Cylinder: 

156.  Am.   Inst.   Min.   Eng.,   Vol.   XXI.,    (1892),   p.   586.     A.   Sahlin.     Description, 

capacity,  power  and  wear  or  cost. 
Pbisbee  Lucop  Mill: 

157.  Lock,  A.  G.,  (1882),  "Gold,"  p.  1029.    Capacity  and  power. 

158.  Eng.  d  Min.  Jour.,  Vol.   XXXIV.,    (1882),   p.    147.     No  author.    Descriptioo, 

capacity  and  power,  of  the  Lucop  &  Cook  form. 

159.  Ibid.,  Vol.  XL.,   (1885),  p.  58.     No  author.    Description,  capacity  and  power. 

160.  Ibid.,  Vol.  XLIII.,  (1887),  p.  453.    No  author.     Description. 

161.  Ibid.,  Vol.  LVIII.,   (1894),  p.  320.     J.  L.  Wills.     Description. 

162.  Thon-Ind.  Zeit.,  Vol.  XIX.,  (1895),  p.  695.    No  author.    Description,  capad^, 

power  and  advantages  and  disadvantages. 
Wabino  Pulvebatob: 

163.  Eng.  d  Min.  Jour.,  Vol.  XL.,  (1885),  p.  336.    No  author.    Description. 

164.  Ibid.,  Vol.  XLII.,   (1886),  p.  457.    No  author.    Description. 
Planet  Mill: 

165.  Eng.  d  Min.  Jour.,  Vol.   XUV.,    (1887),  p.   371.     No  author.     Description, 

capacity  and  power. 
Lion  Mill: 

166.  Davies,  E.  H.,  (1894),  ''Mach.  Metal.  Mines,**  p.  241.    Description,  capacity  u^ 

power. 
Cyclops  Mill: 

167.  Eissler,  M.,  (1896),  "Metallurgy  Gold,"  p.  146.    Description  and  capacity. 

168.  Rose,  T.  K.,  (1894),  "Gold,"  p.  155.     Description  and  capacity. 

169.  Coll.  Eng.,  Vol.  XVIL,   (1897),  p.  266.    H.  Van  F.  Furman.    Description  iri 

advantages  and  disadvantages. 

170.  Inst.  Civ.  Eng.,  Vol.  CVIII.,  (1892),  pp.  123,  189.    A.  H.  Curtis.    Description, 

capacity  and  power. 
Thompson's  Pulvebizeb  * 

171.  Lock,  A.  G.,  (1882),  "(5old/'  p.  1029.    Capacity  and  power. 

172.  Eng.  d  Min.  Jour.,  Vol.  XXXIII.,    (1882),  p.  6.      No  author.      DeseriptioB, 

capacity  and  power. 
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Baix  Pulvebizeb: 
178.  Emff.  4  Min,  Jour,,  Vol*  LIV.,  (1892),  p,  297.    No  author.     Description,  capacity 

And  power»  advantages  and  disadvantages. 
74.  /M<f.,  \oh  h\\   (18^3),  p.  582,    No  author,     Deacription  and  capacity. 


Description. 


1 
Laucirrcix  Mill: 

175-  Inst,  Viv.  Bng.,  VoL  CVIIl.,  (1892 )»  p,  123.    A.  H.  Curtifl. 
IfiOKT  4  8pes&T  Pin*v^izcB: 

ITd  Bn^,  d  i/m,  Jow%  VoL  XXXV.,  (1883),  pp.  lUl,  209,    No  author.    Description, 
eapactty,  power  and  water  used. 

tWfOID  Mux: 
I7T.  Rose,  T.  K„  (1894),  "Gold,"  p,  152.    Description  and  capacity. 
178*  ColL  Eng.,  Vol.  XVIL,   (lS9f),  p.  266.     11.  Van  F.  Furman.     Description  and 

capacity. 
170.  Eno.   <t    Min,  Jour.,  Vol.   UV.,    (1892),   pp.    82,   99,    147.    196.     "Discuflsion,'* 

Description,  capacity,  wear  or  coat  and  advantages  and  disadvantages. 

180v  AfMf.  Vit\  Efifj.,  VoL  CVIII.,   (1892),  pp.  145,  184.     A*  H,  Curtis.     Description. 

181.  Jlltii,  d  Wei.  FresSf  VoL  LXX.,  (1^96),  p,  247.    No  author.     Description,  capacity, 

power,  wear  or  coat,  advantages  and  disadvantages  and  water  used. 

^■f7ER*e  MtLL: 

Bl82.  Stahl  u,  EUen,  VoL  XI V-,  (1894),  pp.  132,  485.    F.  W.  Ltlhrmann.     Description, 
^  capacity,  power  and  wear  or  coat. 

183.  Thonlnd,  Zdf.,  VoL  XIX.,   (1895),  p.  641.  J.  Pfeiffer.     Description,  power  and 

advantages  and  disadvantages. 
184^  Seit.  Ver.  Deut  Ing.,  VoL  XXXVIII.,  (1894),  p.  1083.    J.  Pfeiffen    Description, 
Ottpacity,  power  and  weiir  or  cost 
Cons.  A  Hall's  Mill; 

185*  fnat.  Cii?.  Eng.,  VoL  CVUI.,   (1892),  p.   124.     A.  H.  Curtis.    Description. 

mDJM%  CE5TB1FUQAL  GBINDEB: 

180.  Foster,  C.  LeN.,  (1894),  "Ore  &  Stone  Mining,"  p.  567.     Description. 

187,  Rose.  T.  K-,  (1894),  *'Go!d,*'  p.  155.     Description. 

188w  intL  Civ,  Eng.,  VoL  CVIIL,   (1802),  p.  124.     A,  H.  Curtis,     Description. 
Enpf**'*  Ball  Mill: 
Klft9.  1/tik  d  Hoi,  Pr€98,,  VoL  LXVL,  (1893),  p.  1($3.     No  author.     Description* 

^190.  Bilharx,  0.,  (1896),  'Tklech,  Aufbereitung."  VoL  I.,  p.  76,    Description,  capacity 
and  power. 

§19L  Eglei^ton,  1\,    (1887),  **>IetallnrgT.''  VoL  I.,  p.  269,     Description. 
192,  Foster.  C.  UN.,  (1894),  *'Ore  &  Stone  Mininfr,"  p.  656.     Dcflcription. 
193.  GaetzwihrjiHnn,   M.    F„    (18G4),   "Aufbereitung,"    VoL    I.,  ~"      " 

capacity  and  power. 


p.    572.     Description, 


194*  Hunt.  R.,   (1884),  **British  Mining/*  p,  741.     Capacity. 
195.  RittJnger,  P.  R.  von,    (lft70),  ^'Krster  Nachtrag/'  p.  9. 


Description,  capacity, 
Richards.     Description 


power  and  wear  or  cost, 
198.  Am.  /twI.  J/in.  Eng.,  VoL  VI.,   (1877),  p.  618.     R.  H. 
of  a  laboratory  form. 

197.  Ibid.,  VoL  XVI,,    (1888),  p.  753»    T.  A.  Blake.     Deacription,  capacity,   power 

and  wear  or  cost.     Quality  of  crushing  at  Haite  gold  mine. 

198.  n%d.,  VoL  XXIV.,    (1894),  p.   113.    O,  F,  Pfordte,    Description  and  capacity, 

at  Gerro  de  Pasco,  Peru. 

199.  Cta^  Worker,  VoL  XXIII.,  (1895),  p.  48.  No  author.     Description  and  capacity. 
80O.  CoU.  Eng,,  VoL  XVIL,   (1897).  p.  266.     H.  Van  F.  Furman.     Description  and 

capacity. 

201,  Eng.  d  Min,  Jour.,  Vo).  XXIV.,   (1877),  p.  472.     R.  H,  Richards.     Description. 

Same  aa  4.  f.  M,  E.,  VoL  VI.,  p.  618. 

202.  fftuf.,   VoL   XXXllI.,    (1882),  p.    104.    M.   RuL    Description   and   capacity,   at 

Guanaxuato.  Mexico. 
SOS.  iron.  VoL  XXXVIII.,   (1891),  p.  357.    No  author.    Description. 
S04.  Tenth  V,  B.  Cen^i**.  VoL  XIII.,    (1880).  p.  304.    6.  F.   Emmons  and  G,  F. 
^  Becker.    Description. 

■M^  €aL  Bull,  No.  6^   (1895),  p.  62.    E.  B.  Preaton.    Description,  capacity,  power, 
^^^^K      wear  or  cost  and  method  of  working. 

■^^ColL    Emj,,   VoL    XVIL,    (1807),   p.   266.    E.   Van   F.   Furm&n.    Description, 
I  capncity  and  power, 

207.  Inst.  Vie.  Eng.,  VoL  CVIIL,   (1892),  p.  118.    A.  H.  Curtis.    Description  and 
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208.  Min,  d  8ci,  Press,  Vol.  LXVI.,  (1893),  p.  339.    No  author.    Capacity. 

209.  Ihid.,  Vol.  LXX.,  (1895),  p.  193.  No  author.    Description,  capacity,  poww,  war 

or  cost  and  advantages  and  disadvantages. 

210.  Oest.  Zeit,,  Vol.  XXXVII.,    (1889),  p.  83.    H.  Stefan.    Description,  capacity, 

power  and  wear  or  cost. 
Lanolkt'b  Cbusheb: 

211.  Eng.  d  Min,  Jour.,  Vol.  LX.,  (1895),  p.  81.    No  author.    Description,  captdtj 

and  power. 

212.  Ibid.,  p.  582.    No  author.    Description,  capacity  and  power. 
Msbball's  Mill: 

213.  Eng.  d  Min.  Jour,,  Vol.  LX.,  (1895),  pp.  517,591.    No  author.    Description  and 

capacity. 

214.  Min,  d  Hci.  Press,  Vol.  LXX.,   (1895),  p.  312.    No  author.     Description  and 

capacity. 
VITiavTOX.  Pdt.vxrizes  * 

215.  Eng.  d  Min,' Jour.,  Vol.  XXXIX.,  (1885),  p.  403.    No  author.    Description  and 

advantages  and  disadvantages. 

216.  Ibid.,  Vol.  XLII.,   (1886),  p.  25.    No  author.    Description  and  advantages  and 

disadvantages. 

217.  Min.  d  8ci.  Press,  Vol.  L.,  (1885),  p.  153.    No  author.    Description  and  advan- 

tages  and  disadvantages. 
Hanctin's  Mill: 

218.  Iron,  Vol.  VI.,   (1875),  p.  200.    No  author.    Description,  capacity  and  power. 
Wood's  Mill: 

219.  Iron,  Vol.  XL.,   (1892),  p.  68.     No  author.     Capacity. 
Ck)MP0UND  Edoestone  Mill: 

220.  Iron,  Vol.   XXXVII.,    (1891),  p.   137.    No  author.    Description,  capacity  and 

power. 
SCHRANZ  Mill: 

221.  Kirschncr,  L.,   (1898),  "Erzaufbereitung,"  p.  62.    Description,  capacity,  power, 

wear  or  cost  and  water  used.    Sizing  test. 

222.  Kunhardt,  VV.  B.,   (1884),  "Ore  Dressing,"  p.  55.    Description,  capacity,  power 

And   D^&iter   used 

223.  Ann.  des  Mines,  Series  VIII.,  Vol.  XX.,  (1891),  p.  18.    M.  Bellom.    Description, 

capacity,  power  and  wear  or  cost. 

224.  Berg.  u.  Hiitt.  Jahrb.,  Vo\.  XXXI..  (1883),  p.  207.    J.  Hahermann.     Description, 

capacity,  power  and  wear  or  cost.     Comparison  with  other  mills. 

225.  Berg.  u.  Hutt.  Zeit.,  Vol.  XL.,  (1881),  p.  357.     C.  Bl5meke.     Capaci^,  power  and 

wear  or  cost.    Comparison  with  stamps. 

226.  Ibid.,  Vol.  XLIII.,    (1884),  pp.  281,  297.     C.  BWmeke.     Description,  captdty, 

power,  wear  or  cost  and  water  used.    C^omparison  with  roll  and  other  milla 

227.  Ibid,,  Vol.  XLVII.,  (1888),  p.  341.     K.  von  Reytt.     Power. 

228.  Dingler's  Polyt.  Jour.,  Vol.  238,    (1880),  p.  388.     No  author.     Description. 

229.  Eng.  d  Min.  Jour.,  Vol.  XXXII.,    (1881),  p.  252.    a  BlOmeke.    Abstrsct  of 

B.  d  B.  Z.,  Vol.  XL.,  p.  357. 

230.  Ibid.,  Vol.  LIIL,  (1892),  p.  665.    J.  W.  Meier.    Description. 

231.  Inst.  Civ.  Eng.,  Vol.  CVIII.,    (1892),  p.   183.    A.  H.  Curtis.    Description. 

232.  IJorth  Eng.  Inst.   Min.  d   Mech.  Eng.,  Vol.   XLIII.,    (1893-4),   p.   342.    A.  0. 

Charleton.     Description,  capacity,  power  and  water  used.     Sizing  tests. 

233.  Oest.  Zeit.,  Vol.  XXXVI.,  (1888),  p.  247.    K.  von  Reytt    Capacity  and  power. 

Sizing  tests. 

234.  8ch.  Mines  Quart.,  Vol.  XIV.,  (1892),  p.  218.    M.  Bellom.    Description,  capacity, 

power  and  wear  or  cost.    Same  as  Ann.  des  MineSf  Vol.  XX.,  p.  18. 

235.  Zett.  Ver.  Deut.  Ing.,  Vol.  XXV.,  (1881),  No.  6. 
KiNKEAD  Mill: 

236.  Min.  d  8oi.  Press,  Vol.  LXXIL,   (1896),  p.  61.    No  author.    Description  and 

capacity. 
LiOHTNEB  Mill: 

237.  Min.  d  8ci.  Press,  Vol.  LXX.,   (1895),  p.  149.    No  author.    Description. 
Huntington  Mill: 

238.  Bilharz,  O.,  (1896),  "Mech.  Aufbereitung,"  Vol,  L,  p.  126.    Description,  ctpadty 

and  power. 

239.  Da  vies,  E.  H.,  (1894),  "Mach.  Metel.  Mines,"  p.  237.    Description  and  admtagw 

and  disadvantages. 

240.  Egleston,  T.,  (1890),  "MeUllurgy,"  Vol.  II.,  p.  414.    Description,  caparify,  wear 

or  cost  and  advantages  and  disadvantages. 
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I  241,  EiMkr,  M.,  (1806),  "Metellurgy  Gold,"  p.  135.     DescnptioiL 
[242.  Foster,  C.  LeN*,  (1894),  "Ore  &  Stone  Mining/'  p.  662.     Deacription  of  the  Pai- 
nijui  mlU* 
243.  Louis,  H,,    (1804),  *'Gold  Milling."  p.  258.    Description,  capacity,  power  and 

advantages  and  dieadvantagest 
244-  Boae,  T.  K.,  (I8U4)»  "Gold/'  p.  148.     Description,  capacity,  power,  wear  or  cost 

and  advantages  and  disadTantagea* 
245*  Am,  /rwr.  if  in,  En^.,  Vol.  XXVI,,   <1896),  p.  623.    C.  W.  Goodale.     Compared 
with  rolls. 

246.  Berff,  u,  UutL  Zeit.,  Vol.  XLIX.,    (1890),  p.  6K    T.  Rauft     Description  and 

adTantagcfl  and  disadvantages, 

247.  Cal.  Butl.^  No.  6.    (189o),  p.  fiO,     E.  B.   PrCBton.     Description,  capacity,  power, 

method  of  working  and  advantages  and  disadvantages. 

248.  Colt,    Eng.,    Vol.    XVII.,     (1897),    p.    2<5tJ.     H.    Van    F.    Furman.     Description, 

capacity,  power  and  method  of  working. 

249.  Engineering^  Vol,  i^,   (1800),  p.  421.     >^o  author.     Description  of  the  Paxman 

milL 

250.  tnst.  Civ.  Eng,,  Vol.  CVIII.,  (1892),  pp.  119,  136.  154,  195,  199,     A.  H.  Curtis. 

Description,  capacity,  power  and  wear  or  cost.     Compared  to  stamps. 

251.  Min.  6  Set.  PresB,  Vol.  LXIX.,  (1894),  p.  97,     No  author*     Latest  improvements. 

252.  North  Eng,  In^t  Mm.   d   MccK  Eng,,   Vol,   XLIIL,    (1893-4),   p,   343.     A,   G. 

Charletan.     Capacity,  wear  or  cost,  method  of  working  and  advantages  and 
disadvantages. 

253.  Zeit,  Vtr.  ihut.  Ing.,  Vol.  XXXVI.,  (1892),  p.  7.    W.  Schulz.     Capacity,  power 

and  wear  or  cost. 
254-  IJtid,,  Vol.  XXXVIIL,  (1894),  p.  62.    C,  Schnabel.    Capacity,  power  and  method 

of  working, 
SOWl.airD  PULVtMZER,   No.    1; 

255.  Lock,  A.  G.,   (1882),  "Gold/*  p,  1026,     Description,  capacity  and  power. 

266.  Dingter'a  PolyU  Jour,,  Vol,  241,   (1881),  p.  100.     No  author.     Description  and 

capacity. 
257-  Eng,  d  Min,  Jour,,  Vol.  XXXL.  (1881),  p.  161.    No  author.     Description,  capac- 

itv  and  nower 

258,  Imt,  Civ,  Eng.,  Vol.  CVIIL,   (1892),  p.   127.     A,  H.  Curtis.     Description. 
IfaiOO  PI71.VERXZZB; 

259.  *i*^.  d   Jf in.  Jour.,  Vol.   XLIX.,    (1890),   p.   732.     No   author.     Deacription, 

capacity  and  power. 
Pbopfe  Miix: 

260,  ColL   Guard,,  Vol.   LXXI.,    (1896),   p.   846.     Kosmann.     Description,   capacity, 

power  and  wear  or  cost. 

261.  Ihid.,  Vol.  LXXIV\,  (1897),  p.  165.     No  author.    Description,  capacity  and  wear 

or  cost. 
262-  Thon-lnd.  Zeit.,  Vol.  XX.,    (1896),  p.   681.     Kosmann.     Description,   capacity, 
power  and  wear  or  coat. 
Famiiiimo  Mill; 

263,  Coll.  Guard.,  Vol.  LXXI.,  (1896),  £.  846.  Kosmann.     Description,  capacity  and 

power. 
Tteooirnto  Pttlvehizeb: 

264,  Rev.  des  Mines,  Vol.  XXL,  (1893),  p.  310.     L,  Demaret     Description,  capacity 

and  power. 
Qmrmi  RofXEB  Mnx: 

265,  Bilhari:,  O.,    (1806),  "Mech.  Aufbereitung/'  Vol.   L.  p.   125.      Description   and 

capacity. 

t266.  Am.  Inst.  Min,  Eng.,  Vol.  XXI.,  (1892),  p.  587.     A.  Sahlin.     Capacity  and  power. 
Compared  with  Buhrstone  mill  and  Oyetone  pulverizer. 
267.  Cal.  Bull,  No.  6,  (1895).  p.  64.     E.  B.  Preston,     Description  and  capacity, 
268,  Coll  Eng„  Vol.  XVIL,   (1897).  p.  267.     H.  Van  F.  Furman.     Description. 
209.  Eng.   d    Min.    Jour,,    Vol,    XLIX.,    (1890).    p.    389.     No    author.     Description, 
capacity  and  power. 
270.  nid.,  Vol.  LV..  (18D3).  p.  510.    No  author.     Description. 
271-  Iron  Age,  Vol.  L.,  (1892),  p.  1036.     No  author.     Description. 

272,  Thonrnd.   ZmU,  Vol.   XVIIL,    (1894),   p.   425.      M.   Garn.       Description    and 
capacity. 

273,  (hid..  Vol.  XIX-,    (1895),  p.    103.     No  author.     Dcpcription   nnd   capacity. 

274,  ihid..  p.  628.     (jofllich.     Description,  CR[mcity,  powi^r  and  wear  or  cost.    Com- 
pared with  Buhrstone  mill. 

2J5w  /Wd.,  Vol.  XX,,  (1896),  p.  727-    No  author.    Where  uaed. 
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Cabb  Disinteoratob: 

278.  Bilharz,  O.,  (1896),  "Mech.  Aufbereitung,"  Vol.  I.,  p.  87.    Deseription,  capadtj, 
power  and  advantages  and  disadvantages. 

277.  Foster,  C.  LeN.,  (1894),  "Ore  &  Stone  Mining,"  p.  659.    Description. 

278.  Gaetzschmann,  M.  F.,    (1872),  "Aufbereitunff,"  Vol.  II.,  p.   667.     DescripttoB, 

capacity,  power  and  advantages  and  disadvantages. 

279.  Goupillidre,  Haton  de  la,    (1885),  "Exploitation  des  Mines,"  Vol.  II.,  p.  708. 

Description,  capacity  and  power. 

280.  Hunt  Km    (1884),  ^'British  Mining,"  p.  742.    Description,  capacity  and  power, 

for  copper  ores. 

281.  Lamprecht,  R.,   (1888),  "Kohlenaufbereitung,"  p.  11.    Description,  capacity  and 

power,  for  coal. 

282.  Rittinger,  P.  R.  von,  (1873),  "Zweiter  Nachtrag,"  p.  10.    Description,  eapadtj 

and  power. 

283.  Ann,  des  Mines,  Series  VII.,  Vol.  VI.,  (1874),  p.  363.    A.  Pemolet.    Description, 

capacity  and  power.    Compared  with  rolls. 

284.  Bull,   8oc.   d'Encourag,,   Vol.   XVI.,    (1869),   p.   656.     M.    Carr.     Description, 

capacity  and  power,  for  coal. 
286.  Bull.  iS'oc.  Ind.  Min.,  Vol.  XV.,  (1869-70),  p.  657.    No  author.    Description  and 
advantages  and  disadvantages. 

286.  Ihid.y  p.  569.     F.  Robert.     Capacity,  power  and  wear  or  cost,  at  Ahun  collieries. 

287.  Coll.  Guard.,  Vol.  LXXIL,    (1896),  p.  1028.    J.  Gilchrist.     Used  for  coal. 

288.  Dingier' 8  Polyt.  Jour.,  Vol.   201,    (1871),   P.   387.       P.   Haurez.      Description, 

capacity,  power  and  advantages  and  disadvantages,  for  coal. 

289.  Engineering,  Vol.  XIII.,   (1872),  p.  98.    T.  Carr.     Description  and  capacity,  for 

flour. 

290.  Min.  Ind.,  Vol.  V.,  (1896),  p.  163.     R.  Cremer.     Used  for  coal. 

291.  Rev,  dea  Mines,  Vol.  XXVIL,  (1870),  p.  623.    P.  Haurez.    Description,  capicity, 

power  and  advantages  and  disadvantages,  for  coal. 
Bbink  &  HtJBNEB  Disintegrator: 

292.  Kunhardt,  VV.  B.,   (1884),  "Ore  Dressing,"  p.  54.     Description,  capacity,  power 

and  wear  or  cost.    Comparative  tests  with  other  mills. 

293.  Berg.  u.  Hutt.  Jahrh.,  Vol.  XXX.,  (1882),  p.  261.    J.  Habermann.    Description, 

capacity  and  power.    Comparative  tests  with  other  mills. 
Stedman  Disintegrator: 

294.  Eng.  d  Min.  Jour.,  Vol.  LVIII.,   (1894),  p.  129.     No  author.     Description. 
Stubtevant  Mill: 

295.  Foster,  C.  LeN.,   (1894),  "Ore  &  Stone  Mining,"  p.  563.     Description. 

296.  Am.  Inst.  Min.  Eng.,  Vol.  XX.,  (1891),  p.  576.    W.  H.  Hoffman.     Capacity  md 

power,  at  Croton  iron  mines. 

297.  Ibid.,  p.  602.    W.  H.  Hoffman.    Capacity,  power  and  wear  or  cost,  on  magnetite. 

298.  Ibid.,  Vol.  XXI.,  (1892),  p.  126.     W.  H.  Hoffman.     Description,  capacity,  power 

and  wear  or  cost,  at  Croton  iron  mines. 

299.  Ibid.,  p.  521.    A.  Sahlin.    Capacity,  power  and  wear  or  cost.    Compared  to  rolls. 

300.  Ibid.,  p.  530.     S.  R.  Krom.     Capacity,  power  and  wear  or  cost.     Compared  to 

rolls. 

301.  Ibid.,  p.  533.     "Discussion."    Capacity  and  power.     D3mamometer  tests. 

302.  Am.  Mfr.,  Vol.  XLIX.,  p.  468.     Description,  capacity  and  power. 

303.  Eng.  d  Min.  Jour.,  Vol.  XXXVllI.,   (1884),  p.  244.     No  author.     Description, 

capacity  and  powder. 

304.  Ibid.,  Vol.  XXXIX.,  (1885),  pp.  189,  204,  240,  259,  276.    J.  Heard,  Jr.    Capwity 

and  advantages  and  disadvantages.     Sizing  tests. 

305.  Inst.  Civ.  Eng.,  Vol.  CVIII.,  (1802),  pp.  126,  153.    A.  H.  Curtis.    Capacity  tnd 

power. 

306.  North  Eng.  Inst.  Min.  d  Mech.  Eng.,  Vol.  XLIII.,    (1893-4),  p.  343.   A.  G. 

Charleton.    Description,  capacity,  power  and  wear  or  cost.     Sizing  tetta. 
Cyclone  Pulverizer  • 

307.  Foster,  C.  LeN.,  (1894),  "Ore  &  Stone  Mining,"  p.  663.     Description. 

308.  Am.  Inst.  Min.  Eng.,  Vol.  XX.,  (1891),  p.  387.    A.  Sahlin.  Description  and  weir 

or  cost. 

309.  Ibid.,  p.  589.    "Discussion."    Discussion  of  uses. 

310.  Ibid.,  Vol.  XXI.,  (1892),  p.  587.     A.  Sahlin.    Capacity  and  power.    Compared  to 

other  mills. 

311.  Eng.   d    Min.   Jour.,   Vol.    XLIII.,    (1887),   p.    312.    No   author.    Description, 

capacity  and  power. 

312.  Ibid.,  Vol.  LVIII.,  (1894),  p.  290.    J.  T.  Donald.    Cyclone  Fibreiser. 
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.  Bng.,  Vol.  CVIII.,  (1892),  p.  125.    A.  H.  Curtii.    Description,  capad^ 


it.,  Vol.  XXXVIII.,  (1890),  p.  582.    No  author.    Description,  capacity, 
and  advant&ges  and  disadvantages, 
t  irtne9.,  VoL  XVIII.,    (1892),  p.  272.    A.   Gillon.    Description  and 

mast 

K  Eng.,  Vol.  CVIU.,  (1892),  p.  126.    A.  H.  Curtis.    Description. 

Huti.   Zeit,  Vol.   XL.,    (1881),   p.   407.    No   author.     Description, 
t  Polyi.  Jour.^  Vol.  240,  (1881),  p.  430.    No  author.    Description. 

G.,*  (1882),  "Gold,"  p.  1028.    Description. 
.,   (1884),  "British  Mining,"  p.  740.    Description. 

IBB  PULVEBIZEB: 

mann,  M.  F.,    (1872),  "Aufbereitung,"  p.  656.    Description,  capacity 
9wer. 
Butt.  Zeit,  Vol.  XXXI.,    (1872),  p.  416.    No  author.     Description, 
tj,  wear  or  cost 
■B: 

r  Polyi.  Jour.,  Vol.  253,  (1884),  p.  111.    No  author.    Description. 
Mm,  Jour.,  Vol.  XXXVII., .  (1884),  p.  368.     No  author.     Description, 
ty  and  wear  or  cost 

Iftfi.*  Jour.,  Vol.  XXX.,  (1880),  p.  397.    W.  H.  Winslow.    Description 
ipacitj. 


a,  M.  F.,    (1872),  "Aufbereitung,"  p.  654.    Description,  capacity, 

and  advantages  and  disadvantages. 
r,'  P.    R.    von,    (1867),    "Aufbereitungskunde,"    p.    56.      Description, 
ity,  power  and  wear  or  cost. 
laimi: 

X  LeN.,  (1894),  "Ore  &  Stone  Mining,"  p.  607.    Separating  pyrite  from 
k 

fire.  Haton  de  la,   (1885),  "Exploitation  des  Mines,"  Vol.  II.,  p.  707. 
Iption.    Mathematical  discussion. 

HUit.  Zeit,,  Vol.  XL.,   (1881),  p.  294.    No  author.     Description  and 
}tjm    Separating  pyrite  from  blende. 

iL  XLI.,  (1882),  p.  163.     No  author.    Description.     Separating  pyrite 
Uflode. 
d.  XUL»  (1883),  p.  68.    No  author.    Description.     Separating  pyrite 


X  Ind.  Bin.,  Series  IL,  Vol.  IX.,  (1880),  p.  391.    E.  Cordier.    Descrip- 
H^Mttjr,  power  and  wear  or  cost.    Mathematical  discussion  of  blow. 
«JL..VhL  UXIL,  (1881),  p.  329.    No  author.    Separating  pyrite  from 

i   - 

Mk  /oir.»  Vol.  XXXIX.,   (1885),  p.  387.     No  author.     Description, 
JiV  powier  and  wear  or  cost 

ifeik/#ir.,  V<riL  XL.,  (1885),  p.  23.    No  author.    Description. 

'jntt.  B0U.,  Vol.  XLVIIL,  (1889),  p.  330.    No  author.    Description. 

tai/oiir.,  VoL  LVI.,  (1893),  p.  323.    No  author.    Description. 


BM.,  VoL  XLIL,  (1883),  p.  391.  No  author.    Description  and 

XLIV.,  (1887),  p.  38.    No  author.    Description,  capacity  and 

oL  XXXrV.  0.  270.    No  author.    Description  and 


887),  p.  16  Description  and  capacity. 

y  '     '^^6),  ion. 

Pi  Xo  author.     Description  and 

irtia*    Deiccl^iiibdia* 


CHAPTER  VIL 

LAWS  OF  CRUSHING. 


§  245.  In  discussing  this  question  of  crushing  under  different  conditioiu  there 
are  four  lines  to  be  considered: 
(a)  Compressive  strength  of  st«ne. 
(6)  Extent  of  crushing  desirable. 

(c)  Work  or  power  required  for  crushing. 

(d)  Comparison  of  various  machines. 

There  are  also  four  ways  that  the  force  may  act  in  crushing  rock:  (1)  By 
direct  pressure  as  in  rolls  where  there  is  a  strong  force  acting  at  low  velocity; 
(2)  by  a  blow  on  an  anvil  as  in  stamps  where  there  is  a  medium  force  acting  at 
a  moderate  velocity;  (3)  by  a  blow  in  space  as  in  the  Carr  Disintegrator  wnere 
there  is  a  weak  force  acting  at  high  velocity;  (4)  by  grinding  as  in  the  imal- 
gamating  pan.  In  the  first  three  cases  the  force  acts  perpendicularly  to  the  bm- 
face  to  produce  rupture  by  compression ;  in  the  last  case  it  acts  obliquely  prodiMh  • 
ing  rupture  by  compression  combined  with  shearing. 

Compressive  Strength  of  Stone. 

§  246.  Watertown  Arsenal  Tests. — A  summary  of  tests  on  cubes  at  fte  j 
Watertown  Arsenal  between  the  years  1884  and  1894  is  given  in  Table  169. 

TABLE   169. — watertown  ARSENAL  TESTS  ON   STONE. 


Number  of  Tests. 

CompresHive  Strength  in  Pounds  per  Sqiutfe  Inch. 

Kind  of  Rock. 

Maximum. 

Minimum. 

ATerage. 

Sandstone 

12 
11 
1 
2 

10,582 
14,600 
80,415 
21,566 

i^ns 

6,068 
20,415 
ld,875 

674S 

TJinpfitonB 

20,415 

Oranito 

Quartzite 

2o,ns 

The  cubes  were  of  various  sizes,  but  it  has  been  found  that  the  crashing 
strength  per  square  inch  does  not  seem  to  depend  upon  the  size  of  the  specimen, 
but  rather  upon  the  shape.     To  illustrate  this,  Table  170  shows  Watertown 

TABLE  170. — WATERTOWN  ARSENAL  TEST  ON   HAVERSTRAW   8AND6T0KB. 


Cubes. 

Prisms.                                1 

Compressive 

CompresslTe 

Sixe. 

Strenf?th  per 
Square  Inch.* 

Section. 

Length. 

Strength  per 
Square  Inidi. 

Inches. 

Pounds. 

Inches. 

Inches. 

Pounds. 

Ixlzl 

7.088 

4x4 

18,428 

2x2x8 

6,004 

4x4 

8,028 

8x8x8 

6,245 

4x4 

8^8:8 

4x4x4 

5.963 

9,887 

5x5x5 

6,407 

8x8 

bS& 

6x6x6 

7.865 

8x8 

7,788 

7x7x7 

6.166 

8x8 

8^684 

8x8x8 

6,272 

8x8 

«,8]8 

9x9x9 

6.585 

10x10x10 

6,584 

11x11x11 

6,418 

•  ATerage,  8,467. 


LAWS  OF  CRUSHING, 


3ni 


AT!  rarious  gizes  of  ciitK?s  and  prigme  of  Havorstraw  Hnndstono. 
Q  the  ca^c  »>f  cubf^s  iJi  an  average  of  four  tests  while  those  for  prisms 
of  two  tcists*  The  cubes  are  very  nearly  of  equal  strength  per 
labile  the  strength  of  the  prisms  increases  as  the  length  of  the  prisma 
t  will  also  bo  noticed  that  here,  as  in  cubes,  those  pieces  of  similar] 
ifereBt  ?ize  have  the  same  strength  per  square  inch;  compare  the 
the  4X1X2,  al2?o  the  8X8X6  with  the  4X4X3.  Unfortunately 
?s  not  extend  to  the  case  where  the  length  is  greater  than  the  diame- 
to  l^  prt?s?umed  that  the  law  still  holds  good. 

3d  of  testing  is  of  great  importance  in  obtaining  the  compressive 
'he  maximum  strength  is  obtained  where  the  sample  has  smooth 
bear  evenly  against  the  smooth  pole  faces  of  the  testing  machine. 
b  cube  of  freestone  (sandstone)  from  Kanawha,  Virginia,  gave  a 
429  pounds  per  square  inch  when  the  force  was  applied  to  its  faces, 
4  pounds  (calculated  on  the  same  aectional  area)  when  the  force 
0  two  diagonally  opposite  edges. 

KAN  Tests, — Very  exhaustive  sets  of  tests  on  various  rocks  under 
Stions  have  been  made  abroad  at  Miinich  and  Berlin.  Summaries 
jven  in  Tables  171  and  172.  Including  so  many  tests,  as  they  do, 
real  value.  These  tests  were  made  on  cubes  which  were  as  a  rule 
jneter.  The  great  differences  shown  between  the  maximum  and 
to  be  expected  when  one  considers  that  the  stones  tested  came  from 
ities  and  varied  greatly  in  quality.  Where  stones  from  only  one 
leted,  for  example  as  in  Table  170,  no  such  differences  occur.  All 
t  for  stones  that  are  air  dry.  In  the  original  reports  however, 
en  in  many  cases  for  the  strength  when  wet  and  also  wlien  frozen 
ad  in  water.     There  is  little  difference  between  wet  and  dry,  but 

TABLE    171. — SUMMARY   OF  TESTS   AT   BERLIN. 


t  of  Stone. 


Number  of 
StoDM  Tested. 


UomprettiTe  Strength  in  Pounds  per 
Square  Inch. 


Mnxltnum,         Minimum. 


98.060 


7QB 
8,877 

7.085 
14.100 
4,400 


ATcrApe. 


7.SM 
8.049 
17,687 
18,7H 

ds,a87 

il,»49 
lfl,7M 

n.m 

17.8*0 
8,704 


TABLE   172. — SUMMART  OF  TESTS  AT  Mt^NICH- 


LaofBtoae 

Number  of 
Stones  Te«t«d. 

Compre«8i%'e  Strvneth  iu  Potinda  per 
fiqu&re  Inch. 

MAzimuni. 

Minimum, 

ATern^e. 

W 

m 

41 
41 
IJ 

20.809 

8i.4ee 

18,486 

l,3« 
1.460 
7.750 
6,546 

fl,7fM 
10.811 
18.75J 
10.7IM 

F- 

Jmonit  always  runs  a  little  lower  in  strength  per  square  ineh  than 

not  frozen.     In  many  cose^  the  tranaTerse  strength  was  taken. 

rally  found  for  square  beams  to  be  considerably  less  than  half  of 

ptrenf^h.    The  relative  strength  of  cutes  and  prisms  of  a  sample 

knd  also  of  limestone,  both  air  dry,  are  shown  iu  Table  IT^. 
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TABLE  173. — STRENGTH  OF  CUBES  AND  PRISMS  TESTED  AT  BESLIK. 


Kind  of  Rock. 

Size  of  Piece 

Tested,  (a) 

cm. 

Number  of 
Tests. 

Compressive  Strenf^th  in  Pounds  per 
Square  Inch. 

Bfaximum. 

Minimum. 

ATera^ 

10x10x6 
6x6x6 

10x10x60 

7.1x7.1x4 
6x6x6 

10x10x50 

10 
10 
10 
10 
10 
6 

18.981 
15.318 
12,673 
18,678 
8,818 
6,748 

17,907 

7,9S8 
W,0I7 
8,164 
6,848 

18,476 

Sandstone. 

14,451 

Sandstone 

ICOfl 

Limestone 

mn 

Limestone 

8,448 

LimefftoneT .................... 

SSI 

(a)  The  leafl^  is  given  lost. 

Table  174  shows  how  in  stratified  rocks  the  strength  is  less  when  they  are 
tested  parallel  tiian  when  tested  perpendicular  to  the  bedding  planes. 

TABLE  174. — STRENGTH  PARALLEL  AND  PERPENDICULAR  TO  THE  BEDDING  PLANEB 

TESTED  AT  BERLIN. 


Kind  of 
Rock. 

Direction 
of  Pressure. 

Sise  of  Piece 
Tested,  (o) 

Number 
of  Tests. 

CompressiTe  Strength  in  Pounds  per 
Square  Inch. 

Minimum. 

Arewgii 

Slate 

Slate 

Limestone.. 
Limestone.. 
Limestone. 
Limestone.. 

ParaUeltobed 

Perpendicular  to  bed. 

ParaUeltobed 

Perpendicular  to  bed. 

ParaUeltobed 

Perpendicular  to  bed. 

6x6x6 
6x6x6 
6x6x6 
6x6x6 
10x10x6 
10x10x6 

10 
10 
10 
10 
8 
10 

10,588 
15,645 
5,860 
6,187 
6,889 
7,988 

7,986 
11,677 
4,488 
6,068 
^6a8 
6.748 

^ 
g 

(a)  In  the  case  of  prisms  the  length  is  given  last. 

Four  examples  to  show  how  the  strength  decreases  when  ropk  is  heated  and 
cooled  arc  given  in  Table  175.  These  tests  were  all  made  on  cubes  5  or  6  ent 
in  diameter. 


TABLE  175. — BTRENGH  BEFORE  AND  AFTER  HEATING,  TESTED  AT  BERLIN. 


Kind  of 
Rock. 


Granite.... 
Granite.... 
Limestone. 
Limestone. 
Limestone. 
Sandstone.. 
Sandstone.. 
Sandstone.. 
Porphyry.. 
Porphyry.. 
Porphyry. . 


How  Tested. 


Before  heating 

After  heating  8  hours  and  slowly  cooling.. . 

Before  heating 

After  heating  S  hours  and  slowly  cooling. . . 
After  heating  8  hours  and  cooling  in  water. 

Before  heating 

After  heating  8  hours  and  slowly  cooling. . . 
After  heating  8  hours  and  cooling  in  water. 

Before  heating 

After  heating  and  slowly  cooling 

After  heating  and  cooling  in  water 


Number 
of  Tests. 


10 
10 
10 
10 
10 
10 
5 
6 
10 
6 
5 


Compressive  Strength  in  PDoodi 
per  Square  Inch. 


Maximum. 


18,806 
18,758 
80,980 
28,848 
81,788 
16,814 
18,000 
11,905 
87,108 
88,186 
86,088 


MinimuDL 


16,641 
9,700 
a54n7 
80,140 
18,884 
14,817 
11,781 
10,996 
88,188 
94,008 
19,180 


17^ 
10.9 

IM 

Its 
ii,s» 
*^ 


§  248.  Cutter's  Tests. — Mr.  Geo.  A.  Cutter  in  the  preparation  of  his  thesis  •{ 
the  Massachusetts  Institute  of  Technology  tested  rock  in  an  Emery  horiwntil 
testing  machine  using  corrugated  pole  pieces  similar  to  those  used  on  jaw  break- 
ers, and  also  using  smooth  pole  pieces.  The  results  obtained  from  some  m 
rectangular  paving  blocks  of  tough  granite  are  given  in  Table  176.  Two  valutf 
of  pressure  are  given ;  the  first  is  that  required  to  make  the  first  break,  the  sefr 
ond  is  the  maximum  load  observed  while  the  compression  was  continued  nntil" 
the  samples  crumbled.  The  thickness  represents  the  dimension  between  the 
pole  pieces.  The  second  and  eighth  tests  were  made  with  smooth  pole  pieces 
the  rest  with  corrugated.  The  pressures  given  are  total  pressures  and  it  will  te 
seen  that  if  these  were  reduced  to  pressures  per  square  inch  of  sectional  aren,  tho 
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TABLB   176. — cutter's  TESTS   OK    ORAKITE    PATINO    BLOCKS. 


Le>«th 


Hd^L 


ThJckoea. 


Total  Load  at 
Flrat  Break. 


Pounds. 
4.000 
(kOOO 
lo.OOO 
H600 
1S,000 
19,000 
80,000 
46,000 
48,000 


Numb<»r  of 

Points  of  Bear 

iiig. 


Movement  to 
First  Break. 


Total 

Masdtniutt 

Load. 


Founda. 
70,000 
70,000 
71»000 
56.000 
38.000 

100,000 
03.000 
4e.€00 
48,000 


resulting  values  would  be  much  lower  than  those  given  in  previous  tables  for 
smooth  cubos  on  smooth  pole  pie€es.    The  reason  for  this  is  given  in  §  Z^Q, 


Extent  of  CRUsniNG  Desired. 


Hf  §249.  At  first  sight  it  would  seem  desirable  to  erush  rock  flown  to  a  size 

ffniich  shall  be  equal  to  the  size  of  the  smallest  particle  of  valuable  mineral. 

I  This  would  ensure  perfect  separation.  In  practice  however  there  are  several 
objections  to  this  plan.  It  causes  all  the  coarser  particles  of  valuable  mineral 
and  gan^'ue  which  were  unlocked  at  larger  sizes,  to  be  crushed  unnecessarily, 

'  thereby  using  an  extra  amount  of  power  and  causing  an  increase  in  the  amount 
of  sUmes  which  are  difficult  to  separate  and  whieli  cause  loss.  This  trouble  of 
Flimes  is  aggravated  by  tlie  fact  that  in  a  majority  of  cases  the  valuable  mineral 
is  softer  than  the  gaogue  and  hence  slimes  more.  This  is  shown  in  the  following 
liziog  tests. 

The  first  one  is  of  a  coarsely  crushed  Missouri  galena-blende  ore.  The  galena 
appears  to  be  crushed  finer  than  the  quartz  gangue  while  the  blende  appears  to 
be  crushed  coarser. 


Ore. 

Qaleoa. 

Blende. 

On  4  mfflb  (oT^r  5.1  nuii.). * ♦• ....,.♦. 

tt.t 

4.9 

88 
7.3 
4  S 
1.4 

7,0 
18.0 

10.0 
7.8 

10.0 

85.0 
5.0 
O.T 

10.0 

ao.o 

40 
18 

Throuirh  1  on  H  mesh  f5  1  to  2.43  mm  1  ....... 

Throujrh  H  i m  10  moah (3.48  to  1  -85  mrn.). ..... 

Through  10  on  30  mesb  (1 .85  Xfr  0.85  min) 

Throuifh  30  on  30  m*:f>*h  in  K.!  to  0.535  mm.)  - . . 
Ttirouf;!]  30 on  40  in>*Hti  <•>.>%  to  0.374  mm.V. . 
Ttirough  40  on  90  mctHh  (0  a74  to  0 .171  mm.). .. 
Through  80  od  100  mesh  (O  in  to  0. 139  turn.). . 
Through  100  mesh  (0.1319  to  0  mm.). . . , 

Total 

99.8 

100.0 

100 

The  second  is  finely  crushed  stamp  mill  pulp  in  Iklill  68.    An  assay  of  the 
^^^Jt  before  sizing  gave  2  ounces  gold  and  1-7  ounces  silver  per  ton. 


Or«. 

Assay  for  Gold. 

Assay  for  Silver. 

On  ao  meah 

% 

o.oei 
0-12  r 

9  10 
11  99 
10.10 
08.S8 

fl».9T 

Oiincca  per  Ton. 

o.ca 

0.10 
i.to 

1.80 
2.00 

Ouncei  per  Ton. 

0.60 

O.TO 

0.90 

1.09 

1             2.09 

Throasch  30  on  40  me«h .... 
Throuffb  40  on  DO  nictsh. . . . 
Through  cu>  on  ho  mu»h. . . , 
Through  m  nn  l  w  mefth . . . 

Total 

304 
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The  third  is  of  stamp  mill  pulp  in  Mill  55. 


On  20  mesh 

ThrouKli  90  on  40  ineoh. . . . 
Through  40  on  60  mesh. . . . 
Through  60  on  80  mesh. . . . 
Through  80  on  100  mesh. . . 
Through  100  on  120  mesli. . 
Through  120  on  160  mesh. . 
Through  ISO  mesh 

Total 


Oro. 


% 

0.08 
18.17 
18.98 
0.40 
4.08 
4.06 
9.04 


100.00 


Assay  for  Qold. 


Ounces  per  Ton. 


0.85 
0.6G 
0.88 
1.90 
0.98 
1.18 
G.51 


Assay  for  SUtw. 


Ounces  per  Ton. 


7.QB 
8.88 
10.17 
10.00 
11.07 
18.68 
lO.M 


In  Mill  92  they  have  found  that  the  zincite  is  mostly  in  the  two  finest  cmh 
centrates;  garnet  goes  to  fines  less  than  zincite;  franklinite  less  than  garnet; 
willemite,  tephroite  and  fowleritc  are  about  equal  to  each  other,  but  less  than 
franklinite ;  calcite  forms  fines  least  of  all.  It  might  be  added  that  with  manT 
ores  there  seems  to  be  no  limit  to  the  fineness  of  the  particles  of  valuable  mineiaL 

For  all  these  reasons  it  is  an  advantage  in  most  cases,  except  where  the  minend 
is  all  finely  disseminated,  to  crush  first  to  a  much  coarser  size  than  the  final 
particle,  then  to  separate  out  as  much  clean  mineral  and  clean  gangue  as  posaUe, 
and  to  recrush  the  residue.  This  process  can  be  repeated  indefinitely,  but  in 
practice  the  added  cost  and  the  mechanical  difficulties  limit  the  number  of  repe- 
titions to  one  or  two.  The  sizes  to  be  crushed  to  and  the  number  of  repetitions 
will  vary  for  different  ores  and  can  only  be  determined  by  experiment  The 
things  to  be  considered  are  the  quantity  and  value  of  the  products  and  the  ooit 
of  crushing  and  separating. 

For  some  ores  such  as  free  milling  gold  and  silver  ores,  graphite,  cassiteritc^ 
etc.,  it  is  necessary  to  crush  very  fine  at  the  start  and  in  this  case  there  is  no 
repetition.  S.  I.  llallett  of  Aspen,  Colorado,  advocates  this  method  for  other 
ores.  He  claims  that  any  given  ore  has  its  crystals,  (not  masses  of  crystals),  in- 
cluded within  a  very  limited  range  of  sizes  and  that  by  crushing  to  a  size  within 
this  range,  practically  all  of  the  values  will  bo  unlocked.  He  further  claims  tfait 
by  the  use  of  a  jerking  table  of  the  Wilfley  type  he  is  able  to  save  the  fine  Btaf 
which  would  usually  go  to  waste. 

The  ideal  thing  in  crushing  would  be  to  have  every  grain  of  mineral  remiffl 
intact  and  be  entirely  cleaned  from  all  adhering  particles  of  gangue.  Thisii 
impossible  to  obtain  in  practice  and  there  will  always  be  some  particles  of  mia- 
eral  which  have  particles  of  gangue  attached  to  them  or  which  are  entirely  «D^ 
rounded  by  gangue.  Such  particles  are  known  as  attached  or  included  gnuM 
and  help  to  make  up  the  middling  product  in  the  subsequent  separation. 


Work  Required  for  Crushing. 

Theory.- 
work  of  crushing  is  proportional 


§  250.  Eittinoer's  Theory. — Rittinger  has  proved  mathematically  that  tie 

*  to  the  reduction  in  diameter.    Assume  a  hoBO- 


) 


A 

fi 

H 

7 

* 

/ 

PIG.  185. 


FIG.  186. 


geneons  1-inch  cube  which  requires  A  foot  pounds  of  work  to  divide  it  on  a  pi* 
parallel  to  one  of  its  faces.     To  divide  it  into  ^^ 

8  l-mch  cubes  requires  3  planes  (see  Fig.  185),  and  work  is  ZA  foot  ponndi 
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i*irTij;  (inn-  rrrjuiros  u  plancs  (&e<?  Fig.  18C),  and  work  is  6*4  foot  pounds; 
I'lDcli  c'tihf^  RHjiirros  i)  plai»rs  and  work  is  9/1  foot  pounds; 

■^'s  requires  \2  plancs  and  work  is  12^1  font  pounds; 
rtqum'ti  3(«-l)  planes  and  work  is  3(«-l).l  foot  pounds; 
[i-iaelj  L'ubes  n.*quires  3(m-l)  planes  and  work  is  i{m-\)A  foot  pounds. 

ratio  of  the  work  required  in  two  different  cases  will  be  as  «-l :  viA  where 
tijd  m  are  the  reciprocals  of  the  diameters  crushed  to*     In  most  eases  the 
tic«  of  m  and  n  are  large  enough  so  that  the  1  can  be  neglected  and  the  law 
gtunds  that  the  work  is  very  nearly  proportional  to  the  reciprocals  of  the 
aeiers  crushed  to.     Thus  to  crush  a   1-inch  cube  into   ^Vi^tjh  cubes  wnll 
lire  about  o  times  as  much  w^ork  as  to  crush  it  into  ^-inch  cubes. 
the  above  figures  also  show  that  the  work  required  is  proportional  to  the 
of  planer  of  fracture  or  in  other  words  to  the  increase  in  surface  of  the 
a     This  gives  a  measure  of  the  work  required  where,  as  is  the  case  in 
the  particles  of  the  product  are  not  cubes,  but  are  of  irregular  shape.^. 
Br  suggested  that  the  increase  of  surface  on  irregular  shaped  grains  might 
lined  by  weighing  the  water  necessary  for  wetting  the  surface  both  before 
^  after  crushing. 

jer's  theory  explains  why  the  strength  of  rough  granite  blocks  in  Table 
[§o  much  less  than  smooth  granite  cubes  in  Table  171.     In  the  former 
'  stones  had  but  a  few  points  of  bearing  and  were  split  or  broken  into  only 
agments,  while  in  the  latter  ca^e  the  cubes  were  hearing  all  over  two  faces 
were  more  or  less  crumbled  when  they  broke,  thereby  requiring  more  w^ork 
consequently  more  pressure. 
[  251.  Von  Reytt's  Tests. — Von  Reytt  has  recently  made  an  exhaustive  series 
I  at  Przibram  to  determine  how  nearly  Rittingers  theory  holds  in  practice. 
t  i¥erage  Przibram  ore  consists  mainly  of  quartz,  calcite,  argentiferous  galena 
ttde,     Tlie  specific  gravity  of  average  ore  is  3.13  and  of  caJcite  2.75.     He 
red  that  w^hile  the  adhering  moisture  is  approximately  proportional  to 
[imoQnt  of  surface  on  coarser  particles^  it  does  not  hold  on  particles  below 

ted  crushing  in  a  Blake  breaker,  in  rolls  working  under  various  condi- 
a  one-runner  mill  (nmeh  like  the  Heberli  mill  except  that  one  of  the 
s  is  stationary),  in  a  Schranz  mill  and  in  gravity  stamps.    The  results  of 
work  are  given  in  Tables  177  and  178,     The  method  of  making  a  test  was 
follows:  Lumps  of  one  size  were  fed  to  the  machine.     The  power  used  waa 
■     ver  a  space  of  8  to  15  minutes  hy  means  of  a  Seyss  dynamometer,  both 
HUg  and  while  running  empty.     The  crushed  products  were  carefully 
\f  ad  tJiown  in  Table  178.     The  surface  of  the  particles  in  the  coarser  sizes 
flOtagiiTed  directly  and  the  surface  of  an  average  particle  multiplied  by  the 
iber  of  particles  in  a  kilogram  gave  the  surface  of  a  kilogram.     From  the 
sizes  he  was  also  able  to  obtain  a  factor  showing  the  relation  of  the  aver- 
particle  of  any  given  size  to  the  mean  sieve  hole,  that  is,  the  mean  of  the 
hole  through  which  it  passed  and  of  that  on  which  it  rested.     This  factor 
Ted  on  the  finer  sizes  to  reckon  the  surface  of  a  kilogram  of  any  size,  when  the 
iber  of  particles  per  kilogram  was  known.     With  round  hole  sieves  the  sur- 
«f  n  m^viTi  prirticle  was  3.4  to  4.2  times  the  area  of  the  mean  sieve  hole,  or 
ee  of  the  mean  particle  changed  to  a  sphere  where  the  diame- 
>^  about  0,87  times  the  diameter  of  the  mean  sieve  hole.     For 
irc  !  '-^s  the  surface  of  a  mean  particle  was  4.0  to  4.2  times  the  area  of 

m«:*.i    -,,  .V  hole.     Tlie  greatest  assumption  made  in  the  calculation  was  in 
ing  into  one  class  the  finest  particles,  namely  those  from  0,1  mm.  to  0,  and 
"  1^  '"  ■  -im  of  these  diameters  by  two  to  get  the  average  diameter.     It  is 
-^ible  at  this  point  to  obtain  a  value  that  i?  eiit\t^\^  ^^W^tl'w^rj. 
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All  conclusions  were  based  on  gross  power  since  the  figures  given  in  Table  177 
for  net  power  obtained  by  subtracting  the  power  when  running  empty  from  the 
gross  power,  do  not  properly  express  the  power  applied  to  crushing. 

The  conclusions  arrived  at  were  that  the  ratio  of  work  done  to  increase  of  8n^ 
face  is  fairly  constant  with  coarser  sizes^  but  with  finer  sizes  the  increase  of 
surface  is  much  more  rapid  than  the  work  required  to  produce  it.  For  Przibram 
ore  he  advanced  the  conclusion  that  the  increase  of  surface  per  horse  power  varies 
between  20  and  40  square  meters  and  approaches  an  average  of  25  square  meters 
only  under  similar  conditions  of  crushing  when  the  quantities  of  feed  are  choflen 
to  correspond,  since  the  power  used  is  dependent  upon,  but  is  not  proportional 
*.o  the  amount  of  feed. 

Incidentally  the  work  brought  out  the  following  additional  facts.     It  should 
be  borne  in  mind  that  in  his  tests  the  rolls  were  all  doing  free  crushing.    Slow 
running  rolls  produce  more  fines  than  fast  running,  the  quantity  of  returns  to 
be  recrushed  being  the  f^ame  and  the  capacity  per  horse  power  less  with  the  slow 
rolls.     With  spaced  rolls  crushing  moderately  fine  material  the  quantity  of  re- 
turns is  considerably  higher  than  with  close  rolls,  the  amount  of  fines  being  the 
same  and  the  capacity  per  horse  power  higher  in  the  former  case.     Spaced  rolls 
are  to  be  reconimendecl  for  coarse  crushing  only.     Spaced  rolls  counteract  the 
tendency  of  slow  running  to  produce  fines.     For  economy  rolls  should  be  run  as 
nearly  to  full  capacity  as  possible  since  the  capacity  per  gross  horse  power  in- 
creases with  the  increased  capacity.     Strongly  compressed  rolls  increase  fines, 
decrease  the  returns  and  reduce  the  capacity  per  horse  power.     The  Schranz  mill 
produces  less  returns  and  more  fines  than  rolls,  but  rolls  would  give  just  as 
many  fines  if  the  extra  amount  of  returns  was  recrushed.     The  one-runner  mill 
gives  more  returns  and  less  fines  than  the  Schranz  and  has  less  capacity  per 
horse  power.     Stamps  give  no  returns,  produce  the  most  fines  and  have  the  least 
capacity. per  gross  horse  power.     The  most  economical  crushing  machine  is  that 
which  keeps  the  amount  of  returns  as  low  as  possible  and  at  the  same  time  maJces 
the  least  fines,  since  it  is  the  making  of  fines  which  consumes  the  greater  part 
of  the  power. 

Von  Reytt  was  also  able  to  estimate  from  the  data  obtained  the  amount  of 
work  necessary  to  reduce  a  given  weight  of  Przibram  ore  consisting  of  lumps 
all  of  the  same  size,  to  any  given  size.     These  figures  are  given  in  Table  179. 

TABLE   179. — WOBK   NECESSARY   FOR   CRUSHING    1    KILO   OF   DIFFERENT   SIZES  OP 

ORE. 


Sise  of  Feed  in  mm. 

Product  all  Lies  Between. 

64 

88tol6    1     letoS           8to4      |      4tol     |    ItoOi 

Work  Required  in  Kilogrammetera. 

55 

220 

890 

780 

1,090 

2,090 

16  ADd  8  mm 

165 
965 
725 
065 
1,965 

100 

500 

800 

1,800 

400 

700 

1,700 



940**" 

1,940 

8  and  4  mm 

4  aDd  1  mm 



1  and  0.8  mm 

,, •••• 

Below  0.8  mm 

1,000 

This  table  shows  for  example  that  1  kilogram  of  Przibram  ore  ranging'*' 
tween  8  and  4  mm.  in  size  requires  700  kgm.  of  work  to  reduce  it  so  that  the 
product  shall  all  lie  between  1  and  0.3  mm.  in  size.  While  the  figures  in  tto 
table  are  not  sufficiently  verified,  tests  that  have  been  made  by  Von  Beytt  fihof 
a  fairly  good  correspondence  between  results  calculated  by  the  table  and  thoee 
obtained  by  power  measurement. 

The  figures  for  work  obtained  by  experiment  show  more  favorably  than  the  fol- 
lowing  Ggures  from  actual  mill  work  at  Przibram,  which  are  averages  for  a  jea'- 


Bolls  cruahliig  64-32  mm.  grains  to  pass  through  8-ram.  screen  used  144,500 
kgm,  per  100  kilograms? ;  a  Schranz  mill,  a  one-mniier  mill  and  a  stamp  mill 
I  all  cru&hiiig  8-(>  mm.  grains  to  pass  through  a  ^-mm,  screen  used  230,857, 
'  385,143  and  542,061  kgm.  regpectivelj  per  100  kilograms.  These  figures  are 
larger  than  those  given  in  Table  177  in  the  experimental  trials.  The  product 
of  rolb  in  mill  work  yielded  the  following  sizes:  8  to  4  mm.,  46.20%;  4  to  1 
mm.,  32.22% ;  1  to^  mm.,  11.65%  ;  i  to  0  mm.,  9.93% ;  making  a  little  more 
fines  than  in  the  experiments.  The  Schranz  mill  yielded  more  fines  in  mill 
work  than  in  the  experiment,  while  the  one-runner  mill  gave  about  the  same 
61268  under  both  conditions.  The  stamps  in  mill  work  gave  GO  to  70%  below 
\  mm*,  which  is  considerably  larger  than  that  in  the  experiments.  The  increased 
amount  of  work  required  in  the  mill  over  and  above  what  is  required  in  the 
experiment  is  due  to:  (1)  the  machines  not  being  fed  up  to  their  full  capacity 

SlJse  of  Or«  Grains.  Each  division  equals -j^ of  an  Incli. 
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^ll  the  time;  (2)  the  recrushing  of  ore  already  sufficiently  fine;  (3)  poor  arrange- 
ment; (4)  greater  friction  of  machine. 

§  252.  Rough  Rules  for  Power.— Fijepiring  horse  power  from  Table  179  we 

nd  that  the  use  of  2,020  kgm.  to  reduce  1  k.  of  64-mm.  lumps  so  that  the  product 

hall  all  be  below  0.3  mm.   (0.012  inch),  is  equivalent  to  1  horse  power  for 

^very  3.6  tone  crushed  in  24  hours*     There  are  a  few  rough  rules  which  are  very 

tiften  applied  for  estimates  of  power,  and  which  are  well  within  safe  limits  for 

Average  ore.     Among  them  are  GatesV  rule  that  breakers  need  not  over  1  horse 

wer  to  crush  24  tons  per  24  hours  to  pass  through  a  S^-inch  ring;  a  rule  given 

C,  M»  Bail  that  1  horse  power  will  crush  3.81  tons  of  average  ore  per  24 

ours  to  iV  inch :  a  rule  given  by  Hallett  that  1  horse  power  will  cruBli  1  ton  of 

quartz  per  24  hours  to  60  mesh.     In  addition  to  the&e  rules,  Mill  94  reports  that 
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1  horse  pow^r  crushes  1.7  tons  per  24  hours  to  20  mesh;  this  IBignre  includes  also 
the  power  used  for  elevating  and  screening.  At  the  Lalce  Superior  steam  staiqi 
mills,  1  horse  power  crushes  1.6  to  1.8  tons  per  24  hours  from  3^  or  4  inches 
down  to  iV  iJ^ch.  All  of  these  preceding  figures  agree  more  closely  than  at 
first  appears,  if  one  takes  into  account  the  amount  of  reduction  in  each  casei 
Edison  at  Mill  91  does  much  better  than  any  of  them.  He  is  able  to  make  1 
horse  power  reduce  13.2  tons  to  0.06  inch  or  8.2  tons  to  0.02  inch.  His  power 
measurements  were  made  by  the  use  of  a  motor  and  a  wattmeter. 

8  253.  Wagoner's  Theory. — In  discussing  the  Tustin  mill,  which  yields  an 
extraordinarily  large  percentage  of  coarse  grains  because  the  product  is  dischaiged 
nearly  as  fast  as  it  is  crushed  to  the  size  of  the  limiting  screen,  Luther  Wagoner 
has  shown,  by  the  sizing  test  of  its  work  on  hard  quartz  (Fig.  187),  that  an 
almost  equal  weight  of  grains  for  any  diameter  was  in  that  case  made.  This^ 
taken  in  connection  with  the  fact  that  for  a  given  weight  of  ore  the  total  snrfaoe 


'iliVA 

m 

1 

.■\ 

1 

lOOOO 

, 

1^ 

* 

"l 

. 

., 

/ 

1 

!  * 

'/-. 

1, 

*. 

* 

. 

•  * 

^ 

S 

V 

i       1 

, 

:^ 

n 

'** ' 

* 

1 

4000 

» 

. 

* 

"/f 

^■% 

.^8"* 

*^^' 

ir 

-8 

* 

-. 

ol 

,. 

'*'  J 

» 

\  < 

M-^ 

^ 

S^ 

^ 

i^}^- 

7-.*  + 

• 

t^ 

to 

I. 

30 

1. 

30 

1, 

10 

1,1 
cms 

}0 
hpd 

J 

to.  h 

0 

a  Itic 

hea. 

0 

,2 

n 

3 

0 

» 

J 

FTO,   188. — DIAGRAM  OF  CRUSHING  TESTS. 

of  all  the  particles  varies  inversely  as  their  average  diameter,  shows  that  in  ^ 
product  of  a  Tustin  mill  lying  between  1  and  0.001  mm.,  the  particles  hetwm 
0,001  and  0.01  mm.  in  me  have  i  of  the  total  surface,  but  only  amoiitit  totH 
of  the  total  weight,  the  particles  between  0.01  and  0*1  mm.  in  size  also  haTe  Icf 
the  total  surface  and  amount  to  y§Tr  of  the  total  weight,  and  the  partides  be- 
tween 0.1  and  1  mm.  in  size  have  the  remaining  i  of  the  total  surface  and  ammmt 
to  1^  of  the  total  weight*  Further,  if  work  expended  is  proportional  to  enrfK^ 
produced,  then  370  times  as  much  work  is  expended  on  1%  of  the  ore  at  thf 
fine  end  as  on  1%  of  the  ore  at  the  coarj^e  end.  In  the  case  of  fitaraps  wfeJ* 
tbe  griiins  are  not  systematically  discharged  as  pooh  a??  cruahotl.  there  will  ^ 
ii  dorrnase  in  tbe  grains  of  larger  diameter  and  a  corresponding  increase  ni 
tho^e  of  smaller  diameter*  (Sch3  curve  of  ptampa  on  hard  quartz,  Fig.  t^U 
In  these  two  specific  cases  ol  Fig*  187  be  has  calculated  that  the  stufaoe  oa 
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en  0.037  and  0.00004  inch   (0.940  and  0.001  mm.)    is  about   7 
great  in  the  case  of  stamps  as  in  the  case  of  the  Tustin  mill  and  con- 
atly  the  stamps  should  take  about  7  times  as  much  power  as  the  Tustin. 
nearly  borne  out  by  actual  power  measurements,  which  gave  1.33  horse 
pr  for  Tustin  mill,  6.14  for  stamps. 

[^54,  The  Authob's  Tests. — The  author  made  19  tests  of  various  weights 

Hfeijaartz  rock  (specific  gravity  !3.640),  ranging  from  277  to  991  grams,  to 

';  the  average  pressure  to  be  exerted  in  cruBhing  by  rolls.     Incidentally  some 

were  obtained  on  work  required  in  crushing.     The  samples  had  been 

in  a  Blake  breaker  set  at  1^  inches  and  all  below  0.393  inch  (10  mm.) 

^ned  out.    Each  sample  was  placed  between  the  faces  of  the  Olsen  vertical 

*  ine,  the  particles  being  spread  out  so  as  not  to  interfere  with  one 

_     the  sample  was  gradually  crushed  until  the  distance  between  the 

fic  machine  was  i  inch.     The  pressure  exerted  was  read  at  various  in- 

fjd  at  the  same  time  the  distance  between  the  cmshing  faces  noted.     The 

ires  were  all  reduced  by  proportion  so  as  to  read  for  one  pound  of  quartz, 

results  plotted,  their  averages  calculated  and  from  them  an  average  curve 

t  as  shown  in  Pig.  188,     The  lines  connecting  consecutive  points  of  each  test 

r>mitted  for  sake  of  clearness*     From  this  curve  can  be  seen  at  a  glance  the 

Bge  prcfifiiire  acting  at  any  point  during  the  compression. 


FIG.  189. 


J  these  results  to  the  case  of  rolls,  an  average  pair  of  rolls  was  assumed, 
in  diameter,  running  at  a  periphery  speed  of  600  feet  per  minute 
}  revolutions)  and  cmshing  100  tons  of  quartz  rock  per  24  hours  from  1^  to 
Kh,  that  is,  they  are  set  I  inHi  apart.  Then  for  various  values  of  the  angle 
'm^  Fig.  189)  measured  up  from  the  horizontal,  the  distance  d  between  the 
!  will  be  as  shown  in  Table  180. 

TABLS    180, — DISTANCES    BETWEEN    THE    ROLLS    FOR    VARIOUS    ANGLES* 


IpdneofT. 


Degrees 
14 

11 
It 

11 


Dtstftooe  Betweeo 
Rolhk 


VAltt©  of  T, 


DlatADce  Botweeo 
Rolls, 


iBofaea. 

0.878 

0.741 
0.064 
O.Sgft 

O.SOB 


T&lue  of  T. 


DlKtazice  Between 


Incbefr 

0.500 
0.5S4 
0.515 
0.506 
0.000 


E4Xic 


or 


lie  diameter  of  the  rolls  being  24  inches.  1*  of  arc  corre.'^pondB  to     ^^^ 

■*        hes.     The  amount  of  ore  upon  l"*  of  the  circumference  where  the 
L  100  tons  per  24  hourti  (138.9  pounds  per  minute),  and  run  at  a 

phcry  «pc€d  of  600  feet  per  minute  will  be — ^..^ ^^^>..l.    .  or  0.00404 


24XG0Xfi00Xl2 


ads* 
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From  Table  180  the  average  horizontal  distance  between  the  rolls  for  each 
degree  counting  upward  from  the  horizontal  may  be  calculated  and  it  is  shown 
in  the  second  column  of  Table  181.     The  pressures  for  1  pound  of  quartz  for 
each  of  these  distances  may  be  obtained  from  Fig.  188  and,  reduced  to  correspond 
to  0.0040'4  pounds,  are  shown  in  the  third  column  of  Table  181.     The  fourth 
column  shows  the  horizontal  distances  through  which  the  forces  act  when  the 
rolls  revolve  through  V  and  the  fifth  column  gives  the  tot^il  horizontal  distanceB 
through  which  the  forces  act  per  minute  with  the  rolls  running  at  95^  revolu- 
tions, or  600  feet  periphery  speed  per  minute.     The  sixth  column  giving  the 
foot  pounds  of  work  done  on  each  degree  of  arc  per  minute,  is  obtained  by  multi- 
plying the  third  column  by  the  fifth.     The  sum  gives  the  total  foot  pounds  per 
minute  and  divided  by  33,000  gives  the  horse  power  which  is  0.805.     The  snm 
of  the  third  column  amounting  to  328  pounds  is  the  average  pressure  exerted 
by  the  journals  of  the  rolls  in  crushing.     These  figures  may  be  somewhat  lower 
than  those  obtained  in  practical  running  owing  to  the  fact  that  in  the  tests  the 
pressure  was  applied  very  gradually.     It  is  a  known  fact  that  where  the  pres- 
sure is  applied  quickly,  the  strength  of  a  sample  increases  until  it  is  sometimes 
double. 

TABLE    181. — COMPUTATION    OF    WOBK    FOR    CRUSHING. 


Number  of  the  De- 
(rree  of  Arc  Counting 
from  the  Horizontal. 

AverapftDiRtance 
Between  Rolls. 

Average  Load 
for  each  Degree. 

Horizontal  Dis- 
tance Paaeed 
Through  per 
Degree. 

Total  Horizontal 

Distance  per 

Minute. 

Work  Done  pff 
Minuta. 

leth 

FtMJt. 

0.1188 
0.10H9 
o.owr? 

0.0912 
().0H85 
0.07«» 
0.0701 

Pounds. 

0.20 

0.60 

1.01 

1.23 

4.M 

7.87 

11.85 

15.17 

19.89 

24.14 

29.69 

85.85 

40.00 

48.63 

46.05 

47.36 

Feet. 
0.0099 
0.0092 
0.0065 
0.0077 
0.U070 
0.0064 
0.0067 
0.0050 
0.0044 
0.0088 
0.0083 
0.0034 
0.0019 
0.0012 
0.(K)06 
0.0008 

Feet. 
840.888 
816.296 
298.380 
861.786 
840.660 
880.088 
196.966 
171.900 
151.878 
180.644 
110.016 
88.518 
66.888 
41.866 
80.688 
6.876 

FbotFMMk 
61.8 

15th 

18B.8 

14th 

806.1 

18th 

MO 

18th 

1.164J 

11th. 

1,711.7 
SJ84.8 
8,e07.7 
%M.% 
8,158.7 
8,806.4 
8,916.8 
8,6U.O 
1,800.0 
9409 

10th 

9th 

o.o&y 

8th. 

0.05M 
0.0550 
0.0513 
0.0480 
0.O4S6 
0.0137 
0.04585 
0.0419 

7th- 

6th. 

5th 

4th 

8rd 

tod 

Igt 

i^. 

Total 

827.77 

86,587.6 

It  ehould  be  noted  that  the  0.805  horse  power  is  brought  up  to  the  6  to  10 
horse  power  used  by  rolls  in  practice,  by  the  journal  friction,  and  the  328  pounds 
pressure  of  springs  is  brought  up  to  the  5,000  to  10,000  pounds  pressure  sop- 
posed  to  exist  in  practice,  by  the  variation  in  the  work.  At  one  instant  the 
rolls  are  idle,  at  the  next  they  may  be  asked  to  do  many  times  the  average  woit 

Sizing  tests  of  the  products  of  some  of  the  tests  were  made  and  are  as  follows: 


TfeBt  No. »,,..- ,.. 

1 

t 

3 

m 

4 

;      631 

10 
363 

11 

art 

19 

WeJjfht  fn  (FramH     «<, 

m 

On  8  meKb  fV?) . ........... 

% 

27.T*1 

KJ  S4 

fl.nfi 

3.0t 
3.43 
3.61 
ie.54 

% 
S5.85 
BS.Bl 
7.47 
4.71 

2.m 

8-53 
S.75 

% 

3R.T7 

]S„78 
fi.SS 
a,  10 

Am 

S.77 
11.80 

84. sa 

10.88 
0,96 
SJ6 
8.07 

16.4S 

4.06 
l.flfi 
8.4B 
3.80 
7.i4 

$9.4S 
8.90 

fi.aa 
t.is 

la.TO 

Through  *  on  3  rneah 

Throuf^h  3  ^ti  4  mesh,. . . .  - 
Ttimuirh  4  tvn  5  mPBh... . . 

ThroHgh  5  on  §  ini^flh 

Throuj^h  fl  im  H  mpsb, 

Throufjh  B  otj  10  Diissh.  ■ . . 
'^TiroiiiEh  10  irii>8ih  .  <  ■ . 

Tntal  ..*...,,, 

90.99 

99.Grr 

iig  on              tm  fbt 

100.00 

too.oi 

mM 

(a)  For  actual  sizes  of  the  holes  in  these  screens  see  Table  888l 
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§  255.  Effect  of  Strength  and  SrECiFic  Gravity  on  Power  used. — Vezm 
\m£  pointed  out  that  tho  variation  in  power  due  to  the  varying  specific  gravity 
tod  strength  of  the  rock  is  frequently  lost  sight  of.  Thus  in  Table  171  the  com- 
plfmve  firength  of  granite  is  twice  as  great  on  an  average  as  that  of  sandstone. 
Ooosequcntly  it  will  take  twice  as  much  power  to  crush  a  ton  of  granite  as  to 
oiaeh  a  ton  of  sandstone-  In  the  case  of  porphyry,  in  the  same  table,  the  differ- 
ence between  the  strongest  and  weakest  samples  coming  from  different  locali- 
ties »hows  that  over  twelve  times  as  much  power  is  required  for  the  strongest 
rock  as  for  the  weakest.  Regarding  specific  gravity,  barite  is  almost  twice  as 
bttTY  m  quartz  so  that,  even  if  the  strength  was  the  same,  it  will  take  only  about 
naif  as  much  power  to  crush  a  ton  of  barite  as  to  crush  a  ton  of  quartz, 
tlie  bulk  is  only  half  as  great.  To  carry  things  to  an  extreme  case,  sup- 
fUiat  pure  quartz  and  pure  galena  are  to  be  crushed.  The  galena  is  about 
times  as  heav7  as  the  quartz  and  according  to  Rittinger  it  is  only  about 
SftTong.  Then  the  final  result  will  be  that  it  will  take  only  ^^  or  -j^  aa 
Hiich  jwwer  to  crush  the  galena  as  the  quartz ;  that  is,  assuming  that  it  costs  $1 ' 
►  crush  a  ton  of  quartz  then  it  would  cost  only  6f  cents  to  crush  a  ton  of  galena 
'er  the  same  conditions. 

IaIc  reports  a  practical  illustration  of  this  at  Mill  40,  where  in  treating 

hardeet  ores  their  capacity  is  218  tons  per  21  hours  and  the  engine  gives 

adicated  horse  power  or  0.813  horse  power  per  ton.     On  softer  ores,  however, 

'have  treated  as  high  as  376  tons,  using  171  indicated  horse  power  or  0.455 

orse  power  per  ton.     It  should  be  noted  in  this  case  that  the  engine  supplies 

for  concentrating  as  well  as  crushing. 

will  l*e  seen  from  Table  175  that  power  might  be  saved  by  heating  the  ore 

flSd  ng  it  with  water  previous  to  crushing.     The  cost  of  the  heating, 

and  'duction  of  greater  losses  in  other  directions,  as  shown  in  §  5,  how- 

f»T,  gimerally   prevent   any   ultimate   saving  in   this   way.     Hittingcr  reports 

al  for  a  special  case  in  stamping  quartz  ore  the  capacity  with  the  same  power 

15%-  higher  on  roasted  than  on  unroasted  ore. 


COMPABISONS  OF  ViJtlOUS  MACHINES. 

§  S56.  CoiTPAfiisoNs  IX  General. — Summing  up  the  preceding  theory  it  will 
be  seen  that  if  it  is  desired  to  crush  with  the  least  expenditure  of  power  and  to 
'^•1^  least  slimes,  then  the  rock  should  be  broken  as  far  as  possible  by  split- 
the  particles  of  the  product  that  are  sufficiently  crushed  should  be  gotten 
m  IV  immediately,  that  is,  there  should  be  "free  crushing." 

Li  IT  the  machine  the  points  to  be  considered  are  the  first  cost,  weight,. 

Bb*jr  of  wearing  parts,  power,  speed  and  wear.     Tlicfc  should  all  be  as  low! 
ipoesible  consistent  with  strength  and  efficiency.     At  the  same  time  the  machino] 
onld  te  simple  in  construction,  easy  to  erect  and  operate  and  the  wearing  parts] 
Jd  be  easily  renewed.     The  chief  drawback  to  the  impact  machines  is  the 
[ipeed.     The  use  of  water  is  in  general  to  be  recommended  since  it  aids  "free 
*Qg*-  by  removing  the  crushed  product  and  it  also  prevents  dust  and  perhaps 
qiient  loflft.     For  grinding  machines  those  which  have  the  grinding  faces 
kiiig  concentric  are  liable  to  wear  in  grooves  while  eccentric  grinders  do  not. 
16  more  wear  in  grinding  machines  than  in  pressure  machines  and  conse- 
iy  there  is  more  heating  of  the  product  unless  the  machine  is  run  wet. 
I  may  be  f^een  from  the  action  of  the  grinding  surfaces.     A  particle  of  ore 
b;  between  them  it*  acted  upon  in  two  ways: — ^if  it  is  much  larger  than  the 
I  between  the  surfaces  it  may  be  drawn  in  and  crushed  by  pressure  more 
^Ie»  modified  by  abeariiig;  or  if  of  nearly  the  same  size  its  surfaces  mil  %vbi^Vj 
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be  worD  oflF  by  a  grinding  or  abrading  action  of  surface  on  surface,  the  harder 
surface  of  the  machine  being  but  slightly  acted  upon.  In  grinders  less  pre88Qie 
is  required  to  break  the  particles  than  in  direct  pressure  machines,  just  as  a  nut 
is  more  readily  broken  under  one's  heel  when  a  twisting  motion  is  given  to  it 
than  when  the  weight  of  one's  body  alone  is  used. 

The  selection  of  the  particular  machine  to  be  used  will  depend  upon  the  cha^ 
actcr  of  the  ore  and  the  method  of  extraction  to  be  adopted.  Rolls  are  the  stand- 
ard machine  for  crushing  all  the  brittle  ores  in  preparation  for  concentration 
except  where  very  fine  crushing  is  needed.  The  steam  stamps  used  at  or  near 
J^utte,  Mont.,  are  the  only  exception.*  The  large  steam  stamps  are  the  standard 
crushers  of  ores  containing  malleable  minerals  such  as  the  native  copper  of  Lake 
Superior.  Gravity  stamps  hold  their  own  for  fine  crushing.  When  acting  on 
brittle  minerals  they  tend  to  produce  large  quantities  of  slimes,  owing  to  the 
fact  that  the  particles  cannot  escape  from  the  force  of  the  blow  until  it  is  spent 
and  the  stamp  lifted,  and  even  tnen  the  stamp  may  fall  again  upon  particles 
that  are  fine  enough  to  be  discharged. 

When  crushing  ores  containing  malleable  substances  as  copper  and  gold,  the 
stamp  tends  to  break  up  the  flaky  leaf-like  forms  and  to  turn  out  smaller  grains, 
but  they  are  grains  which  will  settle  to  their  proper  place  in  the  concentration 
work.  Secondly  these  metallic  grains,  when  buried  by  quartz,  are  scoured  and 
brightened  by  the  following  blow  of  the  stamp  yielding,  in  gold  milling,  particles 
which  amalgamate  readily.  In  the  process  of  scouring,  however,  an  exceedingly 
minute  grade  of  particles  is  made,  too  fine  to  be  caught  perfectly  by  vanner  and 
for  which,  in  gold  milling,  the  amalgamated  plate  is  the  chiei  corrective.  In 
concentrating  native  copper  this  fine  grade  of  abraded  metal  is  partly  saved  on 
the  slime  washers,  but  a  portion  is  lost.  Several  other  fine  pulverizers  are  com- 
peting for  the  place  occupied  by  gravity  stamps,  of  which  prominent  examples 
are  the  Huntington  and  Bryan  mills  and  ball  mills.  Rolls  also  are  preferred 
to  stamps  for  fine  crushing  where  the  ore  is  to  be  roasted  or  leached,  and  it  is 
desirable  to  keep  the  percentage  of  slimes  as  low  as  possible. 

The  grinding  machines  are  employed  to  some  extent  for  pulverizing  the  mid- 
dling products  from  jigs,  products  which  contain  the  portions  of  the  rich  mineral 
that  are  most  diflicult  to  serve  from  the  gangue.  Acting  as  they  do,  partly  by 
abrasion  and  partly  by  pressure,  they  are  apt  to  make  less  slimes  than  stamps 
and  more  than  rolls.  On  malleable  metals,  for  example  native  copper,  the  effect 
of  this  grinding  is  to  roll  up  some  of  the  copper  into  spheres  and  cylinders  and 
to  slime  an  insignificant  amount  by  the  abrasion. 

i<  257.  Comparison  of  Eolls  and  Stamps. — The  relative  advantages  of  rolls 
and  stamps  have  been  the  cause  of  considerable  discussion.     The  great  differences 

TABLE  182. — ^VELOCITY  OP  APPROACH  IN   ROLLS. 


Value  of  T. 

Distance 
between  Rolls. 

Velocity  with  which 
the  Points  of  Contact 
approach  each  Other. 

10 
5 
0 

Inches. 
1.487 
0.878 
0.6»8 
0.600 

Inches  per  Second. 

41  > 
S0.9 
0.0 

in  their  action  will  be  brought  out  if  one  compares  the  acting  velocity  of  stamp 
piid  rolls  at  the  moment  when  the  attack  upon  the  ore  is  made  and  also  the 
manner  in  which  each  machine  parts  with  that  acting  velocity.     Bolls  24  inches 


*  Now  almost  entirely  replaced  by  roUs  eveo  tharai 
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ler,  8ei  j  mm  apart,  and  revolving  05J  times  per  minute  hove  a  circnm- 

ll  yelociiy  of  120  inches  per  srconrl,  hut  the  acting  velocity  is  the  velocity 

rh  the  points  of  contact  of  a  particle  of  ore  (see  Fig.  36),  approach  one 

IT.     This  velocity  is  obtained  by  multiplying  I'^O  by  twice  the  sine  of  the 

T  {see  Fig.  189),  and  its  values  are  shown  in  Tabfe  182, 

table  shows  that  the  acting  velocity  diminishes  according  to  a  trigono- 
tnl  law  witliout  regard  to  the  hardness  or  strength  of  the  ore. 
ftie  considers  a  stamp  on  the  other  hand  as  the  typical  blow-striking  machine, 
re  the  acting  velocities  at  the  mnment  of  attacking  the  ore,  given  in  Table 
tnd  we  know  that  it  loses  its  velocity  at  a  rate  dependent  on  the  hardnesB 
rength  of  the  ore. 


TABLE 

183,— VELOCITIES  OF  FALL  IN  STAMPS. 

HislichlofDrop. 

Velocity  acquired  fti 
End  of  Drop. 

Height  or  Drop. 

Velocity  acquired  nt 
End  of  Drop. 

Inehee. 
3.6 
♦.8 
6.0 
?.« 
1>.6 

laches  p«r  Second. 

U,m 

60.84 
6S.16 
74.61 
86.16 

Inches. 

la.a 

14  4 

lfl.8 

iQ.a 

81,6 

Inches  per  Second. 
«J.S6 
1011.48 
114.00 
121.80 
189.S4 

tn  comparing  the  two  tables  it  appears  that  rolls  attack  at  low  speed  and 
slocity  gradually  while  stamps  attack  at  high  speed  and  lose  velocity  sud- 

The  two  operations  are  therefore  totally  different. 
pg  tests  of  the  products  of  rolls  and  stamps  as  well  as  two  other  machines 
rking  on  similar  ore,  are  given  in  Table  184  and  serve  to  show  how  the 
iteristies  of  the  machines  are  indicated  by  the  quality  of  the  product.*' 
Bizing  tests  are  given  under  individual  machines. 

TABLE   184. — SIZING  TESTS   OF  DIFFERENT   CRUSHING    MACHINES. 


fcHUMChiiuik 


Snd  of  Ore. 


Sim  GCTulied   to 
in  xnedies  per 
UnMU-lnca. 


Fercents  which  posa  the  next  coarser 

siev**  and  remain  on  sieves  witli  the 

following  meshes  per  Ifnesr  iocli. 


80 


40 


60 


do 


polfvrfifir* 


PyHtic  bAnket{a)...... 

Chlelly  pyritic  banlDet. . 

Pyrftfc  bAoket. 

r-     •    •       '     :nket... 

I  Mket , 

I  •.nket... 

fyrktic  Danket ♦.,,, 


f 

noo 
11  ift 

iio.ao 

80,07 

ao.17 


ft. SI 

18.06 
15. B8 
18.68 
24,80 


$ 

64.16 

51.11 
49.10 
96.90 
88.47 
41.67 
31.88 


(o)  Th«  local  name  in  8ouCb  Africa  for  quarts  conglomerate  carrying  sotne  pyrite. 
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PART  II. 

SEPARATIXG,  CONCENTRATING,  OB  WASHING, 

The  purpose  of  the  fiecond  part  of  Ore  Dressing  ("Concentration"  proper),  ii 
to  separate  the  valuable  minerals  from  the  waste,  or  to  separate  one  Taluabk 
mineral  from  anotluT  (thereby  enhancing  their  value),  or  both,  by  utilizing  the 
various  physical  properties  of  the  minerals  that  are  available  for  those  end! 

Separating,  like  crushing,  generally  divides  into  preliminary,  final  and  aaxili* 
ary  work.  The  preliminary  machines  (log  washers,  screens  and  classifiers)  are, 
as  a  rule,  unable  to  do  finished  work ;  they  simply  divide  up  the  ore  into  a  set  of 
preliminary  products  wliich  are  well  suited  for  treatment  by  the  final  or  finishing 
machines  (picking  tables,  jigs,  vanners,  slime  tables,  magnetic  concentratoRi 
etc.).  These  latter  machines  separate  the  valuable  minerals  from  the  wasted 
but  they  often  yield  middling  products  needing  further  treatment-  These  mid- 
dling products  may  be  made  up  of  either  or  both,  of  two  classes  of  grains:  (1) 
"included  grains,''  that  is,  grains  in  which  particles  of  valuable  mineral  aw 
attached  to  or  included  in  particles  of  gangue;  and  (2)  "unfinished  graina^" 
that  is,  grains  which  are  composed  wholly  of  valuable  mineral  or  of  gango^ 
but  which  have  escaped  separation  owing  to  their  shape  or  relative  mxe. 


I 


PRELIMINARY   WASHERS. 


Preliminary  washers  include  trougJi  washer?,  log  washers,  wash  trom- 
shing  pans  and  hydraulic  giants.  Their  province  generally  is  to  disin- 
md  float  adhering  clay  or  fine  stnff  from  the  coarser  portions.  The 
ly  or  may  not  be  turned  ovfT  to  other  proee?.ses  for  further  concentra- 
)ine  fomis  deliver  the  coarse  and  tine   product b  separately  :  others  do 

work  of  disintegrating,  and  require  a  suhsequent  niaehinc  to  nuike  the 

n.     The  disintegrating  is  done  by  using  a  considerable  amount  of  run- 

:er,  aided  by  some  form  of  stirring  device.     These  sarae  machines  are 

elimes  nsed  to  enrich  partly  concentrated  products.     Several  such  are 

I  in  this  chapter  because  their  construetion  and  mode  of  operation  place 

•e.     These  washers  are  of  three  classes: 

hoee  using  hand  tools  for  stirring:  trough  washers, 

boet*  using  wme  form  of  rotating  stirrers  driven  by  power:  log  washers, 

mniels  and  washing  pans. 

hose  using  the  force  of  a  water  Jet:  hydraulic  giants. 

TifE  Trough  Washer,  in  its  simplest  form,  is  a  sloping  wooden  trough 
ta|t  wide,  8  to  12  feet  long  and  1  foot  deep,  open  at  the  tail  end,  but 
^fc  head  end.  Other  forms,  ingeniously  combining  rillles  and  sieves, 
pRl  by  diflPerent  authors,*  ■"**  ^  but  they  rob  the  apparatus  of  its  sim- 
irhich  is  its  main  advantage. 

h  washers  are  used  in  large  works  in  a  subordinate  way,  for  working  up 
ontities  of  a  rich  product  wliere  more  expensive  apparatus  is  not  war* 

lliey  are  also  used  in  small  works  as  part  of  the  main  process, 
^Zn  trough  washer  is  used  which  is  2  feet  wide,  11  feet  long,  1  foot 
^Bie  bottom  3  inches  higher  at  the  tail  than  at  the  head  end.  The  tail 
PK  but  the  head  end  is  closed.  The  water,  which  is  supplied  at  the 
ifbrral  quantity,  falls  into  the  trough  from  a  height  of  VZ  inches,  exert- 
iderable  washing  force.  The  ore,  which  is  mine  ore  ranging  from  3 
hen  to  ft,  is  shoveled  over  and  worked  toward  the  head  until  the  fine 
d,  and  is  then  shoveled  to  a  gravel  screen.  The  rise  of  the 
lie  tail  allows  larger  charges  to  be  worked,  and  prevents  the  loss 
1  frUiall  sizes  of  rich  ore  which  woukl  he  carried  off  in  the  case  of  a  down- 
[xv  The  quantity  of  water  used  is  such  as  to  make  it  about  1  inch  deep 
iL  About  8  tons  of  ore  are  treated  in  10  hours. 
H  12  a  trough  waslier  is  used  for  removing  fine  clay  from  sand,  prepara- 
igging.  It  has  a  level  bottom  4i>  inches  long,  with  the  head  end  sloping 
ii^ bottom  at  an  angle  of  about  65".     The  remaining  dimensions  are  as 


Top  Width, 

Battoin  Width, 

Depth. 

Bttideiid..*...... 

ttlncbeii. 

94  inches, 
ao  Inches. 

SlochiMt. 

TUl^nd 
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It  is  fed  with  drainings  from  the  finest  washing  plate  (which  has  holes  | 
inrh  in  diameter)  by  a  feed  hox  running  across  the  upper  end,  with  a  slit  the 
whole  length,  and  a  water  pipe  regulated  by  a  cock.  During  charging  the  sand 
is  pushed  back  by  a  shovel.  A  dam  at  the  tail  made  of  bars,  one  on  another,  held 
between  side  cleats,  is  heightened  as  needed.  The  washer  yields:  (1)  Coarse 
sand,  left  in  the  washer;  (2)  fine  sand  in  a  little  tailings  tank;  (3)  clay  waste 

Mill  22  has  a  "trunking  table''  5, feet  wide,  4  feet  long,  nearly  horizontal, 
covered  with  steel  plate.  It  has  raised  edges,  4  inches  high,  on  the  two  sides 
and  the  upper  end.  The  concentrates  from  the  jigs  ranging  from  over  12  mm. 
down  to  less  than  3  mm.  in  size,  are  raked  back  and  forth  to  rid  them  of  the 
last  of  the  limestone,  which  is  carried  to  a  hopper  beneath,  by  running  water. 
This  hopper  has  sides  sloping  45°  to  a  2J-inch  spigot,  which  delivers  the  coarsa 
sand  by  a  centrifugal  pump  to  the  first  trommel.  The  overflow  of  the  hopper 
goes  to  No.  3  settling  tank.  The  cleaned  ore  is  shoveled  from  the  table  to  a 
car,  and  wheeled  away. 

At  Mills  46  and  48  trough  washers  are  used  for  cleaning  up  the  residues  left 
in  the  steam  stamp  mortars,  called  cover  work,  consisting  of  rounded  nusgets 
of  copper  of  all  sizes  from  4  inches  in  diameter  down,  mixed  with  rock  oithe 
same  range  of  size.  They  an?  12  feet  long,  18  inches  wide,  12  inches  deep  at 
the  head  end  and  6  inches  deep  at  the  tail  end;  and  are  built  of  plank,  with 
plate  iron  lining  fur  bottom  and  sides.  They  slope  down  toward  the  tail  end 
3°  35  or"  J  inch  in  1  foot.  A  similar  trough  is  used  in  Mill  45.  The  operation 
is  as  follows:  A  large  quantity  of  water  is  let  in  at  the  head,  and  the  rock  and 
copper  are  shoveled  into  the  stream,  and  bv  a  skilful  turning  over  of  the  mass, 
iiot  only  is  the  fine  stuff  washed  away,  but  the  rock  is  separated  from  the  copper, 
the  former  being  sent  back  to  the  stamps,  the  latter  to  the  smelter,  and  the 
fines  sent  to  the  jigs. 

In  Mill  72  a  rocking  table  is  used  to  further  clean  the  concentrates  from  the 
vanners.  It  is  12  feet  long,  20  inches  wide  and  5  inches  deep,  and  slopes  down 
toward  the  tail  end  i  inch  in  1  foot  (1*^10').  It  is  mounted  on  two  transTerse 
rockers,  which  are  24  inches  long,  2^  uiches  deep  at  the  ends  and  6  inches  deep 
in  the  middle.  The  rocking  motion  is  imparted  by  a  side  arm  and  a  vertical 
connecting  rod  leading  to  an  eccentric.  The  sides  rise  and  fall  IJ  inches  at 
each  stroke.  The  vanner  concentrates  are  fed  with  water  to  this  table  throng 
a  screen  at  the  upper  end,  and  are  shoveled  over  and  over  toward  the  heai 
The  product  is  raised  about  50%  in  value  by  this  treatment.  The  tailings  go 
to  the  canvas  i»lant. 

A  trough  washer  may  have  the  hand  work  replaced  by  mechanical  stirringi 
In  one  instance'  a  trough  10  feet  3  inches  long,  2  feet  lOJ  inches  wide,  slopinjl 
10°,  having  a  semi-cylindrical  bottom  of  18|-inches  radius,  carries  a  longi- 
tudinal shaft  with  stirring  arms,  the  ends  of  which  swing  within  1  inch  of  the 
curved  surface  of  the  trough.  This  shaft  is  placed  at  the  geometrical  center 
of  the  trough.  When  it  is  Of^cilJated  (by  hand  or  power)  the  arms  stir  the  ore 
and  the  lighter  grains  are  carried  rapidly  down  the  slope  by  the  water,  while 
the  heavier  grains  move  but  slowly.  Scaife  has  improved  this  machine  by 
putting  in  riffles  to  hold  back  the  heavy  minerals;  and  by  adopting  a  hinged 
bottom,  which  is  dropped  by  a  lever  at  the  proper  time,  and  the  accumulated 
product  thus  removed  without  wasting  time  and  water  to  wash  it  down  the  slops- 

§  2()0.  Loo  Washers. — A  log  washer  is  a  slightly  inclined  trough  in  which 
revolves  a  thick  shaft  or  log,  carrying  blades  set  obliquely  to  the  axis.  The  ore 
is  fed  near  the  lower  end,  and  water  at  the  upper  end.  The  blades  slowly 
convey  the  lumps  of  ore  up  hill  against  the  current,  discharging  them  at  th 
upper  end,  while  the  clay  is  gradually  disintegrated  and  floated  down  to  oW* 
Sow  at  the  lower  end.    The  disintegrating  action  of  the  blades  is  due  par^f 


dropping  the  ore  and  partly  to  a  knifing  or  cutting  of  the  lumps 
it  edges  of  the  blados.  The  bottom  of  the  trough  may  be  con- 
n-cylindrical, with  j?idcg  raised  a  little  above  the  level  of  the  axis 
it  slopping,  or  it  may  be  a  natural  bottom  formed  by  lumps  of  ore. 
wer  end  tliere  is  a  dam  to  partially  hold  back  the  water.  The  upper 
►en  for  the  free  discharge  of  the  liimp  ore.  The  ore  is  fed  near  the 
I  on  the  rising  side  of  the  log.  This  confines  the  work  of  the  log  to 
iting  and  conveying;  while,  if  fed  on  the  descending  side,  it  would 
crusher  and  would  probably  break  the  blades,  except  where  the  ore 
I  ti£ed.  The  blades  are  put  upon  the  logs  in  several  ways:  in  epiral 
Jng  the  blades  either  with  the  same  or  with  less  pitch  than  the  row; 
v  parallel  to  the  axis,  with  the  blades  oblique. 

[  25  a  "trunking  machine''  is  used  for  removing  the  last  of  the  dolo- 
1  the  concentrates  of  the  No.  1  or  preliminary  jigs*  The  trough  is  a 
c  about  15  feet  long,  into  which  is  set  a  semi-cylindrical  cast  iron 
i  inches  ineide  diameter.     This  lining  is  made  in  sections  3  feet  long, 

Ipe  between  it  and  the  box  is  filled  with  wooden  blocks.     The  tnnigh 
jp.84  inch  in  1  foot).     The  log  is  15  feet  3  inches  long,  and  has 
'Cach  end  and  in  the  middle.     Its  core  is  8  inches  in  diameter.     The 
^erred  is  of  V-shaped  blades  of  chilled  iron  cast  upon  screws  (see  Fig* 


|^«H 


FIO.  190. — LOO  WASIIEfi  BLADES  USED  AT  MILL  25. 


blades  make  an  almost  continuous  thread.     This  form  docs  better 

I  the  fonn  consisting  of  annular  segments  of  circles,  which  makes  a 
bolid,  continuous  blade.     The  reason  for  this  is  that,  in  the  first 
pangular  spaces  between  the  individual  blades  and  the  body  of  the 
I  dolomite  a  better  chance  to  be  washed  down  the  slope.     The  radius 
b  described  by  the  blades  is  7 J  inches,  that  of  the  surface  of  the 
8  inches,  leaving  ^-inch  i^pace  between  the  tips  of  the  blades  and  the 
The  ore  is  fed  on  the  rising  side  of  the  log,  over  a  space  beginning  at 
d  ending  4  feet  from  the  lower  end.     There  are  two  ^-inch  cocks  near 

»nd,  for  wash  water.  The  log  is  driven  by  beveled  gears,  pulley 
the  npper  end,  making  18  revolutions  per  minute.  At  the  upper 
►We  smelting  lead  ore,  and  at  the  lower  encf,  middlings.  The  material 
l^as  passed  through  holes  0.117  inch  X  0.109  inch,  contains  20  to 
■n,  tne  finished  product  72  to  75%.  Thus  the  trunking  machine 
Wont  3  to  1.     Each  machine  receives  about  100  tons  in  24  hours. 

!r  washer  in  Mill  4  has  a  trough  24  feet  long,  2  feet  deep,  and  about 
e.     It  slopes  14  inches  in  the  24  feet  (2''  47').     The  log  is  octagonal, 
blades,  each  fastened  by  two  bolts.     The  ore  is  charged  over  the 
water  is  fed  from  a  trough  with  8  holes  spaced  along  the  remain- 
~      slush  is  u?ed  as  waste  to  fill  in  the  pits.    The  coarse  material 
QT  further  dressing. 
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Mill  5  contains  two  pairs  of  log  washers,  or  four  logs  in  all  (see  Fig.  19; 
The  description  of  one  l(ig  is  here  given.  The  trough,  which  is  made  of  3-i 
pine  plank,  is  3  feet  wide,  1  foot  5  inches  deep  and  18  feet  5  inches  long;  in 
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FIG.     191a. — EXD    ELEVATION    OF    LOXGDALE    LOO  WASHEB. 


SCALE  ^^\ 

FIG.    1916. — SIDE   ELEVATTOV   OF   LONGDALE    LOO   WASHER. 

measures.  Into  it  are  put  15-inch  lengths  of  east  iron  semi-cylinders,  1 '■J 
thick,  with  side  flanges  hy  which  lag  6<-n»ws  hold  them  to  the  sides  of  the  trw 
When  these  sections  are  laid  close  together,  end  to  end,  they  make  practioillf ' 


PH&LIMINARY   WASHERS, 

Ht'mi-cylindrical  cu.^t  inm  fnmgh,   18  fci't  5  inches  long,   1    foot   5 

I  QDii  Z  fei't  G  iiii-hes  witle,  iiihirlt.'  ni«?ahur€s.     Thu  slupe  of  the  trough 

\\  inch  m  1  fuot,  or  y°  35'.     TJic  l«»g,  of  which  Fig.  102a  is  u  cross  section, 

(a  ca^t  iron  pipe  17  ftx»t  5^  inchc»  long,   ll^   idcIk'S  out:?idc  diameter  and 

Rch  Wttllsi.     It  is  flanged  at  each  end  to  a  east  iron  gudgeon  ( Fig.  1926).     The 

ilangation  of  the  lower  gudgeon  forni8  a  journal  5^  inches  in  diameter,  tliat 

of  Ihf*  ujiper  4 1  inches  tliameter.     The  hiades  or  spoons  (Fig.  192c)  of  chilled 

V  put  on  in  two  threadg,  180°  apart,  with  a  pitch  of  5  feet,  which  makes 

li  angle  50"*  15'  at  the  outer  ends  of  the  blades;  while,  on  the  other  hand, 

lite  plane  of  each  blade  has  a  pitch  angle  of  26*^.     There  are  eight  blades  to  tlie 

mdkeach  8^  inches  long,  4  inches  wide,  sweeping  a  circle  2S^  inches  in  diameter. 
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FIO.   1926. — ATTACHMENT  OF  LOG 
TO   GL^IXJEON    (loNUOALE). 
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10.    \^%a. — CROSS   8ECTI0X   OF 
JLOKODALE  LOG  WITH  BLADES 
TACUED, 


PLAN 


^  ELEVATION 

MO.      192r. — ^BLADE      OP      LOKODALE      LOO 
WASHER. 


an?  flanged  at  their  bases,  with  under  surfaces  concave  cylindrical,  to  fit 
I  pipe.  Each  pair  of  two  opposite  blades  is  fastened  by  tw^o  j-inch  bolts 
IflTjg  through  Uieir  ttangcj^  and  through  the  log.  The  radius  of  curvature  of 
'A  15  inches  and  that  of  the  blades  MJ  inches,  the  space  between 
1  the  ends  of  the  blades  is  }  inch.  The  upper  gudgeon  is  pro- 
.lo  fnrrn  a  shaft,  which  carries  a  conical  sizing  trommel  (Q,  Fig.  1916), 
Iting  the  enriched  product.  At  the  lower  end,  the  gudgeon  of  the  log  is 
i>  the  horizontal  driving  shaft  by  a  flexible  clutch  coupling,  by  means  of 
l«e  log  may  be  thrown  in  or  ont  of  gear.  The  log  makes  19  revolutions 
:re. 

^•♦'d  will  all  pa,'^s  tl^rough  an  8-inch  ring.     It  comes  frnm  a  large  hopper 
lie,  and  is  fed  on  the  rising  side  of  the  blades  at  aboxit  l^'c»  l^q^^t  Vx^\^  SNwi 


324 


ORE  DRE88IN0. 


§  260 


lower  end.  Water  is  fed  at  the  u])jK'r  end  at  the  rate  of  150  gallons  per  minule. 
The  capacity  of  a  single  log  is  :;^00  tons  of  mine  ore  in  24  hours,  yielding  70.8% 
of  washed  ore,  which  is  practically  a  sized  product,  the  oversize  of  a  14-mesh 
screen  (}V,  Fig.  IDl^),  phiced  at  the  head  end.  An  experiment  with  a  20-me8h 
screen,  in  place  of  the  14-mesh,  increased  the  yield  of  washed  ore  4%,  the  per- 
centage of  silica  and  iron  remaining  practically  the  same. 

The  weights  of  the  component  parts  of  a  log  are  as  follows:  Tlie  shaft,  allow- 
ing 35  pounds  for  the  flanges,  weighs  about  750  pounds ;  the  two  gudgeons,  at 
125  pounds  each,  250  pounds;  the  54  blades  at  27  pounds  each,  1,458  pounds; 
the  54  bolts  and  nuts  at  2  pounds  each,  108  pounds;  total,  2,566  pounds.  The 
cost  of  a  complete  log  would  probably  be  1^  cents  per  pound. 

The  blades  wear  perhaps  three  months,  more  or  less,  according  to  the  depth 
of  chill  on  the  wearing  face.  The  gudgeons  last  about  one  year.  The  logs  may 
last  five  years  or  more.  The  power  required  is  6^  horse  power  for  a  single  log 
and  its  trommel. 

Johnson®  gives  the  following  figures  for  one  day's  work  of  the  four  logs,  it 
being  the  average  of  six  days:  Pounds  of  coal  burned  per  day,  1,479.16;  tonaof 


FIG.  193. — molanahan's  double  loo  washer  with  wooden  logs. 

ore  washed,  196.2 ;  tons  of  washed  ore,  138.9 ;  percentage  of  washed  ore  to  oie 
washed,  70.8 ;  number  of  hours  run,  5.375 ;  number  of  men,  including  engineer, 
6 ;  cost  per  ton  of  mine  ore  for  labor,  $0.032 ;  cost  per  ton  of  washed  ore  for 
labor,  $0,045;  pounds  coal  burned  per  ton  of  mine  ore,  10.6'. 

The  Thomas  log  washer  was  the  first  to  have  two  logs  in  one  trough.  lb 
trough  is  usually  about  25  feet  long,  5  feet  wide  and  2  feet  deep,  inside  measures 
The  bottom  and  sides  are  of  heavy  oak,  the  ends  of  cast  iron.  In  it  are  tw« 
parallel  logs  geared  together.  The  pitch  angle  of  the  blades  is  about  30**.  The 
logs  are  hexagonal  in  section,  and  there  are  three  rows  of  blades  on  each  Ic* 
placed  along  the  three  alternate  faces  of  the  hexagonal  prism.  The  diameter 
of  the  outside  blade  circle  is  about  27f  inches,  the  blades  are  about  7J  inches 
high.  It  treats  50  to  75  tons  per  day  and  uses  30  to  50  gallons  of  water  per 
minute,  consuming  12  to  15  horse  power." 

McLanahan  &  Stone  make  both  wooden  and  iron  logs.  Their  wooden  log 
(Fig.  193)  is  octagonal,  17  inches  in  diameter  between  the  faces,  sheathed  wiik 
iron  straps  2  inches  X  \  inch  to  guard  the  comers  and  as  a  support  for  the 
bases  of  the  blades,  and  has  blades  put  on   in  two  rows   in  the  form  ^ 
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1!2*>U 


PBSLIMINARY    WASHERS. 


325 


icrew  threads,  eight  blades  to  the  circle.  The  pitch  of  these  threads  is  5  feet. 
Tie  blades  are  4^  inches  wide  and  1  inch  thick,  and  their  outer  ends  sweep  a 
circle  38  inches  in  diameter.  Their  ba^^es  are  2^  inches  thick.  The  blade,  there- 
fore, projects  8  inches  in  the  clear.  The  blades  are  renin vable  and  when  worn 
oat  are  replaced  by  new  ones.  The  bases  are  screwed  to  the  logs  and  have  two 
taper  dove-tailed  lugs.     The  chilled  blades  have  taper  dove-tailed  bases  which 
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FIG.    194. — MoLANAHAN^S    BTEEL    LOG    WASHER. 

drive  to  a  tight  fit  between  the  lugs,  wooden  wedges  holding  them  in  place. 
The  pitch  angle  at  the  outer  ends  of  these  blades  is  20*",  which  corrcsponds  to 
a  pitch  of  3  feet  7^  inches.  The  gudgeon  consists  of  a  journal  and  flange  bolted 
to  a  flanged  octagonal  socket,  into  which  the  end  of  the  log  is  fitted  and  pinned. 
The  steel  log,  as  made  in  1808  (see  Fig.  194 ),  is  composed  of  four  steel  angle 
irons,  having  flanges  6  inches  wide  and  |  to  J  inch  thick,  with  angles  inward. 
They  are  spaced  wide  enough  for  bolting  the  blades  between  them.     These  angle 


FIG.    195.^ — DETAILS   OF    McLANAHAN's    LOG    WASHEB, 

onp  aid  in  the  washing.  The  blades  are  of  chilled  iron  on  log  and  of  rolled  steel 
on  erudgeon.  Blocks  are  placed  to  line  up  and  rigidly  hold  the  blades.  The  steel 
Wades  are  f  inch  thick  at  the  tip  and  IJ  inches  at  the  base  and  5  inches  wide. 
Thev  are  twisted  to  j^nit  the  pitch  angle,  22V,  making  the  pitch  4^  inches.  Each 
Wade  is  held  bv  two  bolts.  Their  tip^  sweep  n  circle  f^/Vj  inches  in  diameter. 
koTf*  are  only  four  blades  to  the  circle,  as  there  are  hut  four  spaces  in  which  the 
ideg  can  be  bolted.     The  gudgeon  consists  of  a  ]nurnal  and  a  flange,  bolted 
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to  a  flange  with  an  Z-tenon,  which  fits  between  the  angle  irons,  and  to  which 
the  latter  are  bolted.  The  length  of  the  logs,  whether  of  wood  or  iron,  is  about 
30  feet,  measured  from  outside  the  flanges  of  the  two  gudgeons.    The  iron  logi 
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have  If)  blades  every  41   inrhes;  the  wooden  logs,  with  IJados  in  two  helical 
thnads,  have  1(3  blades  every  GO  inches.     The  lower,  immersed  gudgeon  has  an 
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aal  spindle  (Z>,  Fig,  195)  fitted  with  a  chilled  thimble  which  serves  as  a 
lol*  This  journal  revolves  in  a  chilled  step  which  sets  in  a  permanent  step. 
two  chilled  wearing  parts  can  be  quickly  replaced  when  worn  out.  Some- 
s  special  stuffing  boxes  and  ordinary  bearings  are  used, 
be  tTough  for  two  logs  is  31  feet  long,  7  feet  4  inches  wide,  4  feet  1|  inches 
p,  made  of  2-inch  plank  with  a  lengthwise  slope  of  1  to  1^  inches  per  foot 
1  Fig.  1J)6).  It  has  splash  hoards,  ua,  at  the  lower  end  and  running  about  half 
tqp  on  the  two  sides.  The  ends  are  of  ca^t  iron  with  flanges  all  around 
:mrer  end  is  called  the  back  ]i!ate  and  contains  the  pillow  blocks  for  the 
f  bearings.  The  upper  end  is  called  the  front  plate  and  contains,  in  addition 
lithe  pillow  blocks,  the  central  oudet  spout  for  concentrates.  At  6  inches  from 
■  lower  end  and  in  the  plane  of  rotation,  i*  a  bulk  head  of  2-inch  plank,  with 
^k|dar  hole  in  it,  in  which  revolves  the  flange  of  the  lower  gudgeon.  This, 
^^B  meflfiure^  prevents  the  grit  from  getting  into  the  journal  of  the  lower 
HPffi.  The  two  logs  are  so  set  that  the  tips  of  their  lower  teeth  are  10|  inches 
tbove  the  bottom  of  the  trough.  The  logs  revolve  so  that  the  under  blades  are 
ipproiching  one  another,  and  the  obliquity  of  the  blades  is  such  that,  by  a 
jjnwing  action,  every  lump  struck  by  a  blade  is  moved  up  hilL  The  logs  make 
'r  revolutions  a  minute  on  3-inch  to  4-inch  lumps,  and  20  to  25  a  minute 
imps  are  not  over  IJ  inches  in  diameter.  The  two  logs  are  geared  together 
II  the  up^T  end,  in  such  a  way  as  to  bring  the  teeth  of  the  odd  quadrants  of  one 


FIG.   197.— HA8KELL*S  LOG   WITH  BLADES  ATTACHED. 

mesh  with  those  of  the  even  quadrants  of  the  other.  Power  is  delivered 
Qe  of  the  logs,  by  reducing  gears  from  the  line  shaft.  Logs  are  sometimes 
en  at  the  lower  end^  but  this  requires  special  stuffing  boxes.  The  ore  is  fed 
the  lower  end  between  the  two  logs,  upon  the  rising  blades  of  both  logs, 
i  bottom  soon  fills  with  ore,  making  a  working  bottom  that  saves  the  wear  on 
[iks.  When  this  working  bottom  is  eetabliBhed,  the  systematic  washing 
jim^g  of  the  lumps  up  the  slope  goes  on.  Wash  water  is  fed  in  a  spray 
the  logs,  near  the  upper  end.  The  water  overflows  at  the  lower  end  by 
nd  trough  which  discharges  at  one  side  just  above  the  bulk  head.  The  lump 
I  at  the  upper  end  into  a  trommel,  to  give  it  a  final  washing. 
is  stronger  than  the  wooden  log,  is  driven  faster,  has  more  teeth 
%U:i  ( iijiacity.     It  is  more  durable,  and  less  time  is  lost  in  repairs. 

a  pair  of  log  washers  is  used  upon  land  pebble  phosphate.     They  are 

feet  long,  and  the  blades  sweep  a  circle  21  inches  in  diameter     The  blades 

I  a  pitch  of  16  inches,  are  4  inches  wide,  and  are  mounted  as  shown  in  Fig. 

ITie  blade  and  the  part  which  hugs  the  shaft  are  made  of  one  piece  of  flat 

"'  *^    *  tnche^  wide,  1  inch  thick,  forged  into  shape.     Blades  1  and  3  are 

er,  as  are  al?*o  blades  2  and  4.     The  latter  pair  is  4  inches  in  advance 

lunncr.    The  whole  log  is  provided  with  alternate  pairs  similar  to  the 
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§  261.  Horizontal  Logs. — Log-washers  have  been  built  with  two  or  three 
horizontal,  immersed,  parallel  logs  in  one  tank,  with  partial  partitions  between 
them.  The  first  log  pushes  the  ore  forward  by  the  end  of  the  dividing  parti- 
tion, and  delivers  it  to  the  second  log.  This  carries  it  back  and  delivers  it  in 
like  manner  to  the  third  log,  which  carries  it  forward  to  the  point  where  it  is 
discharged  by  the  revolving  scraper.  The  water  moves  in  the  opposite  direction 
from  the  ore.  This  form  has  not  met  with  the  favor  given  to  those  previoudy 
described. 


013345678910 

FIG.  198. — ball's  "revolving  knife  buddle." 

Ball's  ''revolving  knife  huddle,"  (Figs.  198a  and  1986),  is  a  variety  of  log 
washer  differing  from  the  usual  form.  The  trough,  which  is  from  9^  to  IS 
feet  long,  has  a  curved  bottom  of  about  3  feet  radius  lined  with  sheet  iron ;  but  in- 
stead of  being  semicircular  it  covers  only  72®  of  a  circle,  the  lower  edge,  as  shown 
in  the  figure,  being  a  little  beyond  the  lowest  point  of  the  curve.  The  trongh 
is  set  horizontal  and  the  wash  water,  which  is  fed  all  along  the  upper  edge  of  tiw 
curve,  at  B.  flows  down  at  right  angles  to  the  axis.  Ore  being  fed  at  one  end, 
from  the  hopper  A,  is  moved  forward  and  at  the  same  time  carried  up  the  dope, 
against  the  stream  of  wash  water,  by  oblique  blades  attached  to  a  revolving  frame. 
These  blades  revolve  close  to  the  trough,  at  about  20  revolutions  a  minute.  They 
agitate  the  ore  bed,  thereby  bTingmg  tlie  gangue  to  the  surface;  and  then  the 
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ies  the  gangne  down  into  the  boxes  C  and  D,    The  concentrates  are 
into  the  box  E,     The  obliquity  of  the  blades  can  be  varied  to  suit 
bpeed  required  at  any  point  in  the  length.    The  machine  makes 
Iplete  separation  of  tin  ore  in  a  single  operation.     In  one  instance, 
treating  imsorted  pulp,  the  contents  of  the  first  box,  C,  contained  some 
tin  whicii  required  re-treatment,  but  that  of  the  second  box,  D,  was  too 
to  pay  for  re- treatment.     At  the  Lisburne  mines,  Cardiganshire,  Wales,  an 
'containing  15^^?  lead,  with  quartz,  blende,  calcite  and  slate,  was  treated  at 
b  rate  of  2^  tons  per  hour,  yielding  a  concentrate  with  50%  of  lead^  which  was 
~    '  to  75%  by  a  second  treatment.*     In  another  case  a  concentrate  containing 
!  galena  was  produced  in  a  single  operation  from  an  ore  carrying  only  3% 
The  percentage  of  lead  in  the  tailings  is  not  stated  for  either  of 
The  size  of  material  treated  is  not  stated,  but  it  is  presumably 
mill  pulp  below  1  mm.  in  size* 

•2.  Wash  Trommels  are  hollow,  revolving  cylinders  or  cones  (set  with 

axes  horizontal)  which  disintegrate  and  float  the  clayey  matter  while  ore 

?r  are  parsing  through  them.     This  is  accomplished  by  impact  between 

>9  of  ore,  sometimes  at^sisted  by  the  lifting  and  cutting  action  of  blades, 

or  longitudinal  slats.     In  the  cylindrical  form  the  ore  is  conveyed  for- 

by  oblique  blades,  acting  on  the  principle  of  a  propeller,  or  by  continuous 

threads;  but  in  the  conical  form  the  ore  moves  forward  by  gravity.    There 

chiefs  elas>:cfi  of  wa?h  trommehs: 

I)  Those  with  a  partially  closed  discharging  end,  in  which  the  lumps  are 

ersed  in  a  pool  of  water  for  washing;  and 

^)  Those  with  the  discharging  end  completely  open,  in  which  the  ore  is 
by  either  a  stream  or  sprays  of  water,  or  by  both.  In  class  (a)  the  ore 
irged  either  by  a  contracting  cone  with  screw  threads  or  by  a  little  sand 

itor;  in  class  (6)  it  discharges  by  gravity, 
[)i]ous  screw  threads  are  troublesome  both  to  construct  and  maintain, 
beaide^  they  do  too  much  conveying  and  too  little  disintegrating.     Oblique 
or  blades  appear  to  be  generally  preferred  to  continuous  threads* 
friction  wheels  are  more  commonly  used  for  the  support  of  these  trommels 
spiders  upon  central  shafts.     The  latter,  however,  are  not  infrequently 
for  trommels  of  class  (6). 
ittinger  Miys  that  the  most  satisfactory  peripheral   speed  is   2 J   feet  per 
tid.     If  the  speed  is  too  slow  it  not  only  wastes  time,  but  the  operation  is 
tive;  and  if  too  fast,  the  time  of  exposure  is  too  short  for  the  proper 
aing  of  the  clay, 

this  country  log  washers  appear  to  have  pretty  much  driven  out  the  wash 
'       nd  on  this  account  there  is  a  dearth  of  data  upon  tlie  latter.     The 
.fore,  places  before  his  readers  machines  described  as  standard  by 
^iTn  authors, 

1 263,  Wash  Trommels  with  Ore  Immersed  in  TTa^er.— The  wash  trommel 
rn  HI  Figs.  IWa  and  191>fe  is  an  expanding  cone  with  partially  closed  ends, 
Mug  on   friction   rollers.     Tlie   ore  is   f*^d   from   the   hopper  a  Bnd   wash 
16  nin  in  from  the  pipe  b.    The  disintegration  is  accomplished  wholly 
Qpact  among  the  lumps  of  ore  as  they  tumble  down  the  slope.     The  ore  and 
^•re  mi^rd  by  the  sand  wheel  buckets  at  r,  and  discharged  upon  the  launder 
there  is  too  muelt  water  for  the  sand  wheel  to  remove,  the  excess  over* 
^nfi  r^f  *t  mtn  a  trough  placed  to  receive  it.     There  can  be  no  overflow  at  /,  bo- 
r  thnn  e, 

the  trommel  consist  of  two  layers  of  wooden  staves,  each  1|  to 
chick.     It  m  boiifid  \Nith  six  iron  hoopp.     TliMro  nre  ^ixteoen  of  the  eh*- 
Ickois  each  8  Ini-li*:-  uhlr  nuA  1 1  itu'Iic^  lni\ir.  nvadc  ot  \>\^^  \\utv  V\\\\ 
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bent  edges  2  inches  wide.    They  are  laid  out  so  as  to  be  tangent  to  a  circle  24 
inches  in  diameter. 

The  capacity  is  200  to  300  cubic  feet  of  mine  fines  per  hour,  or,  if  very  clayey, 
100  cubic  feet ;  1,000  to  2,000  gallons  of  water  are  required  per  hour,  and  ti^ 
power  used  is  ^  to  f  horse  power.^  This  style  of  trommel  sometimes  has  longi- 
tudinal ribs  for  lifting  the  ore.* 

A  Bradford  washer,  consisting  of  a  cylindrical  wash  trommel  8  feet  long  and 
52  inches  in  diameter,  was  formerly  used  at  the  Copake  Iron  Works."  The 
cylinder,  made  of  iron  staves  perforated  with  ^-inch  holes,  is  carried  on  three 
spiders.  On  the  inside  arc  inclined  blades  for  disintegrating  and  conveying 
forward  the  ore.  The  lower  portion  of  the  cylinder  dips  into  water  deeply 
enough  to  completely  immerse  the  ore.  At  the  discharge  end,  perforated  lifting 
blades  deliver  the  ore  to  the  rinser,  38  inches  in  diameter  and  20  inches  long, 
where  it  is  washed  with  clean  water,  and  then  passes  to  the  separator,  the  water 
flowing  back  into  the  trommel.  The  separator  is  simply  a  sizing  trommel  30 
inches  in  diameter  3  feet  long  and  made  of  spaced  rings.  The  trommel,  the 
rinser  and  the  separator  arc  all  on  the  same  axis.  The  undersizc  of  the  wash 
trommel,  which  collects  in  the  tank,  is  carried  by  the  water  to  a  lO-mesh  sizing 
trommeL    The  products  are:  Clean  lump  ore  from  separator;  small  ore,  imder- 
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FIG.  199. — WASH  TROMMEL   (AFTER  RITTINOER). 

size  of  separator ;  small  ore,  oversize  of  10  mesh ;  clay  and  mud,  undersize  of 
10  mesh.  The  machine  yields  20  tons  clean  ore  per  hour  from  ore  carrying  %^^ 
of  waste. 

At  Cabarceno,  Spain,  a  cylindrical  wash  trommel,  15  feet  long,  6  feet  6  inches 
in  diameter,  is  used  to  clean  limonite  ore.*®  It  has  an  internal  screw  thread  of 
1  foot  pitch,  about  10  inches  high.  Between  the  threads,  at  intervals  of  1  foot 
and  parallel  to  the  axis,  arc  lifting  blades  4  inches  broad  and  4  inches  high. 
The  discharge  end  is  made  conical,  and  the  ore  is  carried  up  the  slope  of  the  cone 
by  the  screw  blades,  and  thus  discharged.  The  trommel  is  supported  on  friction 
rollers  and  is  driven  directly  by  gear  and  pinion,  at  a  speed  of  12  revolutions  a 
minute.  It  treats  6  cubic  feet  of  ore  per  minute,  using  80  gallons  (10.7  cubic 
feet)  of  water  per  minute  with  the  ore,  and  70  gallons  (9.4  cubic  feet)  addi- 
tional for  rinsing  the  ore  in  the  discharging  cone.  The  water  and  clay  are  dis- 
charged at  the  feed  end.  In  10  hours  it  produces  70  to  100  tons  of  cleaned  ore, 
carrying  2%  or  less  of  clay.  A  cubic  yard  of  mine  ore  yields  600  pounds  of 
cleaned  ore. 

The  Crickboom  wash  trommel  (Fi^.  200),  is  a  steel  plate  cylinder  98.4  inches 

(2,500  mm.)  long,   19.2  inches  (1,250  mm.)   diameter.     At  the  feed  end  is  t 

truncated  cone  12.1  inches  (307  mm.)  long  on  the  axis  and  29  inches  (736  mm.) 

(I  in  meter  at  the  small  end.    At  ttve  discharge  end  is  a  truncated  cone  12.1  inches 
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"f  39.1  mchcs  (993  mixh)  dianK*ter.  Within  the  cylirukr 
prteeu  i^  nal  liftmg  slats  of  flat  iron,  each  of  which  is  attached  by 

|jt»rt  arigle  irons  to  the  ^hell,  leaving  a  clear  space  unclcr  the  slats  of  % 
[19  nua,).  Upon  each  of  these  slats  are  attached  nine  blades,  the  tops 
>Uoiiis  of  which  are  even  with  the  top  and  bottom  of  the  slat,  and  the 

are  eet  at  an  angle  of  about  70°  with  the  axis  of  the  machine.  The 
It  is  supported  on  four  friction  rollers.  Passing  through  the  center  is  a 
[supported  in  independent  bearings  and  carrying  sixty^two  arms  placed 
longitudinal  rows.     The  radius  of  the  revolving  arms  is  15.C  inches 

B,);  the  radius  of  the  inner  ends  of  tlie  blades  on  the  cylinder  is  18,8 

^477  mm,)  \  leaving  a  clear  space  of  13,3  inches.     The  cylinder  makes 


t=i; 


=1=3= 


llilllllllflllllllllffl»[||| 


Ti  ii  II  II  it^iTiTii  I 


i  W  "UBLiii, 


Co)  Longftudlnal  Sectioo. 


3 


(by  OoM  Section. 
FIO.    200. — CRICKBOOM    WASH    TROMMEL. 

Hf  a  minute  in  one  direeti<m;  the  arms  make  220  revolutions  per 

Om»  opjvo&ite  direction.     The  ore,  which  is  fed  with  water  from  a 

feed  end,  is  raised  by  the  lougiiiidinal  s^lats  to  a  point  s^oniewhat 

'fT,  and  at  the  same  time  moved  forward  by  the  diagonal  blades. 

it  m  Htmik  by  the  rapidly  descending  arms,  and  disintegrated.     The 

%r"^  .«r,j.*|t  |}^p  ^liilp  rtJivr  the  water  and  fine  (»re  from  being  lifted.     The 

and  lumpn  of  ore  are  di.«?charged  by  overflowing  at  the  lower 

cmni*.     At  thi»  Alt4*nberg  mine  in  A:iehen,  one  nf  these  trommels 

5,000  kilos  (5  to  5.5  tons)  of  tough  clayey  ore  per  hour^  vi^iw^ 
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8  cubic  meters  (2^10  gallons)  of  water.  The  trommel  lasts  nine  to  ten  yean, 
except  that  the  conical  receiving  and  dischar^ng  ends  wear  somewhat  faster.* 
§  264.  Wash  Trommels  Washing  the  Ore  in  a  Running  Stream  of  WiU$r. 
— Fig.  201  shows  a  simple  form  of  wash  trommel  consisting  of  a  plate  iron  oone 
1,960  mm.  (77.2  inches)  long,  with  a  small  diameter  of  1,100  mm.  (43.3  incheB) 
and  a  large  diameter  of  1,300  mm.  (51.2  inches).  The  whole  is  carried  on  i 
six-armed  spider  at  each  end,  the  spiders  being  keyed  to  a  wrought  iron  shaft 
100  mm.  (3.9  inches)  diameter.  At  the  feed  end  is  a  cone  820  mm.  (32.3 
inches)  small  diameter,  310  mm.  (12.2  inches)  long  on  the  axis.    The  first  750 


FIG.    201. — PLAN    (partly    IN    SECTION)    OF   A    COMBINED    WASH   TROmiEL  ASD 
SIZING  TROMMEL  (AFTER  LINKENBACH). 

mm.  (29.5  inches)  length  bcvond  the  feed  cone  carries  three  rings  of  epikefi, 
115  mm.  (4.5  inches)  long,  projecting  toward  the  center.  There  are  22  spikes 
In  each  ring.  The  remaining  1,210  mm.  (47.7  inches)  of  the  length  is  perfo^ 
atcd  with  30-mm.  holes.  The  ore  is  fed  from  the  hopper  a  into  the  receiTing 
cone  b  by  means  of  a  stream  of  water.  Water  is  also  used  on  the  outside  of  the 
screen,  in  the  form  of  a  spray.  The  trommel  makes  15  revolutions  a  minute, 
treats  99  tons  of  ore  in  24  hours,  and  if  the  latter  does  not  contain  too  much 
clay,  uses  26.4  gallons  (100  liters)  of  water  a  minute,  consuming  about  0.5  hone 
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FIG.    202. — SKETCH   OF   WASH   TROMMEL   USED  AT    MILL  47. 

power.*    It  yields :  Oversize,  which  is  cleaned  lump  ore ;  undersize  which  is  to    - 
ore,  clay  and  water. 

A  conical  plate  iron,  wash  trommel  (Fig.  202)  is  used  in  Mill  47  for  tmtiDg 
the  cover  work  from  the  steam  stamps.  It  is  42  inches  long  on  the  am  ThB 
large  diameter  is  36  inches,  and  the  small  diameter  30  inches.  It  is  carried  on 
a  shaft,  by  a  six-armed  spider  at  each  end.  At  the  lower  end  is  an  annular  dm 
6  inches  high  and  extending  around  nearly  half  the  circle.  In  the  base  of  thii 
dam  are  square  perforations  2  inches  wide,  2i  inches  high  and  2  inches  aput 
The  remainder  of  the  circle  has  retaining  fins  2J  inches  high,  2  inches  wide,  with 
2-inch  spaces  between  thorn.     At  tlio  end  of  each  revolution,  the  material  whiA 
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/out  through  those  holes  and  spaces,  is  guided,  by  a  diagooal 
_^c  hole  t>XlS  iiiohcs  in  the  body  of  the  troniniel,  a  few  inchi-s 
ei)<i,  HDd  around  three  sides  of  which  is  a  shield  t>  inehcs  high. 
Qg  log  washers  with  wash  trominelsj  Benedict  states  that  the  latter 
than  the  former,  but  the  ore  is  not  so  well  cleaned  by  them,  and 
^expense  is  probably  higher*^^ 
rAsiijNG  Pans. — Large  circular  pans  are  sometimes  used,  in  which 

t?integrated  by  revolving  blades,  or  by  rollers  and  scrapers.  The 
with  water  at  one  side,  the  clay  and  fine  sand  overflow  at  the  center 
vy  product  collects  in  the  bottom  of  the  pan, 
outh  African  diamond  fields,  in  order  to  free  the  weathered  diamond^ 
lue  ground''  (see  §  GIG)  from  the  finest  sand  and  mud,  an  iron  pan, 
diameter  and  12  inches  deep,  is  nsed,*^  ^"""^  **  In  the  middle  of  the 
rcular  dam  4  feet  in  diameter  and  8  inches  high.  A  vertical  central 
^ing  8  or  9  times  a  minute,  carries  10  horizontal  arms,  each  prondcd 
ertical  blades,  which  are  arranged  in  a  spiral  between  the  dam  and 
tie  pan.  The  **hlue/*  after  passing  through  the  (f  inch?)  holes  of 
fed  with  water  at  the  outer  edge  of  the  machine.  It  is  disinte- 
revolving  blades,  and  the  water  carries  the  clay  over  the  inner  rim 
|h,  while  the  heavy  gravel  is  worked  toward  the  outer  rim.  To 
loss  of  diamonds  in  the  overflowing  clay,  the  overflow  from  two 
ough  one  safety  pan  of  the  same  constructionj  except  that  the  bot- 
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FIG,  203. — MONITOE  HTDRAtTLIC  GIANT. 

sing  flat,  slopes  gently  toward  the  outer  rim.     One  pan  treats  400 

in  10  hours,  leaving  a  deposit  of  3  or  4  loads,*  which  is  removed 

ite  in  the  bottom,  by  means  of  scrapers  attached  to  the  revolving 

pans  resemble  the  basin  washers'*  that  are  used  in  Europe  to  dis- 

"some  respects  similar  to  those  just  described,  is  used  for  washing 
ad  emery.*'*  It  consists  of  a  shallow  wooden  tub  5  feet  in  diame- 
1st  iron  bed,  on  which  two  heavy  wooden  rollers  revolve  about  13 
te»  The  material  is  stirred  by  an  iron  fork  that  precedes  each  roller* 
lowing  water,  carefully  regulated,  carries  the  lighter  portion  through 
aised,  central  platform,  the  heavy  corundum  remaining  in  the  pan. 
tion  is  continued  3  to  5  hours.  One  man  can  tend  8  pans,  each  of 
^s  3  to  5  horse  power.  Much  care  must  be  exercised  not  to  round 
■f  corundum,  which  will  take  place  rapidly  after  a  certain  point  in 
re  reached,  and  will  greatly  impair  their  cutting  edges. 
Iybraiilic  Giants  are  specially  designed  nozzles  which  serve  to  eon- 
ct  the  powerful  jets  of  water  that  are  sometimct^  upcd  to  disinte- 
K>dies  of  ore.  Fig,  203  represents  the  Monitor,  which  is  one  of  the 
bas  found  favor  in  aurKerous  grave]  mining.  The  movements  to 
ft>  or  up  and  down,  are  upon  vertical  and  horizontal  pivots  re- 
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spectivoly.  Tho  guiding  parts  consist  of:  A,  the  iron  nozzle,  B,  the  deflector, 
attached  bv  a  ginibal  joint ;  and  C,  a  lever  to  govern  the  movement  of  B,  When 
C  is  moved  in  any  direction,  the  force  of  the  water  jet  acting  npon  B  rnova 
the  whole  nozzle  to  the  same  side  that  C  was  moved.  The  size  of  nozzles  ranga 
from  4  to  9  inches  in  diameter,  5^  to  7  inches  being  the  most  common  sim 
To  provide  the  necessary  force  for  the  jets,  water  columns  of  55  to  1,720  feet 
have  been  used  at  California  placer  mines,  the  usual  heights  ranging  from  200 
to  400  feet.  For  details  the  reader  is  referred  to  Bowie's  "Hydraulic  Mining." 
A  hydraulic  nozzle  was  formerly  used  at  Iron  Mountain,  Missouri,  for  washiBg 
away  the  light  clay  in  a  superficial  deposit  of  hematite,  preparatory  to  jigging: 
The  method  used  was  to  hydraulic  down  the  bank,  taking  out  the  larger  part  rf 
the  clay ;  to  hydraulic  it  a  second  time ;  and  then  to  haul  the  gravel  to  the  miDi 


FIG.  204. — Haskell's  jet  washer. 

where  a  series  of  revolving  screens  and  Bradford  jigs  completed  the  concentra- 
tion of  the  hematite. 

Hydraulic  nozzles  are  used  in  Mill  7,  in  washing  land  pebble  phosphate.  A 
nozzle  1  to  2  inches  (generally  IJ  inches)  diameter  is  used.  One  of  these 
nozzles  disintegrates  the  rock  in  place,  another  is  used  to  discharge  the  rock 
from  the  transporting  barge,  and  a  third  nozzle  is  used  in  the  jet  washff 
(Fig.  204),  which  is  an  iron  cylinder  6  feet  long,  2  feet  diameter,  with  one  end 
closed,  and  with  a  feed  hopper  above.  A  jet  1^  inches  diameter,  delivered  from 
a  steam  pump  under  50  pounds  pressure  per  square  inch,  plays  in  at  the  open 
end  and  gives  a  final  disintegration  to  the  clay.  Although  the  log  washer  is 
used  at  this  establishment,  the  jet  is  found  to  be  a  far  more  efficient  diant^ 
grator,  and  hence  its  use  in  the  variety  of  ways  indicated. 
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CHAPTER  IX. 

SIZING    SCREENS. 

§  267.  Screens  or  Sieves  are  surfaces  with  holes  in  them,  which  serre  to 
separate  the  finer  particles,  which  can  pass  through  the  holes,  from  the  coarser, 
which  cannot ;  the  purpose  of  screen  sizing  being  to  divide  the  ore  into  such  a 
series  of  products  that  the  concentrating  machines  which  follow  (jigs,  magnetic 
concentrators,  etc.),  can  readily  separate  the  values  from  the  waste.  They  may 
be  classified  as  follows: 

RtAftinnM-tr  fl/fwma  i  GHzzlles  or  boT  screens,  and  grravel  screens. 

mauonary  acreens (Perforatedplateand  wire  cloth  screens  for  medhim  and  fine  wwt 

(  Plaue  shaking  screens,  or  riddles. 
MoTlng  Screens. •<  Vibrating  grixzMeSy  or  oscillating  bar  screenSb 

( Revolving  screens,  or  trommels. 

Stationary  Screens. 

§  268.  Grizzlies  or  Bar  Screens. — These  are  screens  for  separating  coane ; 
ore  from  fine.     They  are  usually  made  of  stationary  bars,  placed  at  a  definite  i 


FIG.    205. — GRIZZLY   OR    BAR   SCREEN. 


distance  apart  (see  Fig.  205).     This  distance  limits  the  size  of  particles  whiA 
can  pass  through  the  screen.     The  two  products  they  yield  are  called  undeniifr; 
and  oversize,  the  former  containing  the  particles  that  are  small  enough  to  | 
through  between  the  bars,  the  latter  those  that  are  not.    The  grizzly  is  act  t 
such  an  angle  that  the  ore  will  slide  upon  the  bars  automatically.    The  an^ 
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fz  oiTs  ig  usually  45".  Stmie  nuTRTals  slide  at  nnieh  lejus  angle. 
i?s  U8r*d  in  mills  (^see  Table  li^o),  are  naturally  divided  into  two  classes; 
^os€  which  relieve  -the  breaker,  the  eorting  table  or  the  spalling  floor  of 
b  ore;  (2)  those  upon  which  hand  sorting  is  done  at  the  same  time  with 
ieening.  In  the  first  class  the  bars  are  nearly  always  set  at  an  angle  at 
Ih©  rock  will  slide  freely ;  in  the  second  class  a  much  gentler  slope  is  used. 
Qftke  the  ore  slide  as  easily  as  possible,  the  bars  are  always  placed  with 
Engtbs  in  the  direction  of  steepest  slope.  They  are  supported  at  both 
U  shown  in  Fig.  506.  Their  lateral  flexibility,  which  might  cause  the 
)  spring  apart  and  allow  large  lumps  to  pass  through,  is  overcome  by 
across  the  grizzly  through  boles  in  the  bars,  with  space  tkimbles 


-H^ 


3    C 


FlO.   207.— GiUZZLY    BABS   AT    MILL   44. 


^V-METHOD  OP   SUPPOET* 

ion  the  bolts  between  the  bars  (see  Fig.  205).  At  Mill  44  very  heavy, 
bn  aie  used  and  the  spaces  are  maintained  by  means  of  flanges  cast  on 
Is  (see  Fig.  207).  The  sides  of  the  grizzly  should  be  walled  in  with 
pknks  to  confine  the  ore.  The  bars  are  generally  strong  enough  to  bear, 
\  intermediate  pufiports,  the  heavy  loads  of  ore  that  are  sometimes  dumped 
pern,  the  strength  and  weight  being  proportioned  to  the  weight  of  ore 
i  at  one  time.  The  loads  are  very  heavy  at  Mills  44,  46,  47  and  48; 
[he  others  they  are  lighter.  The  length  and  width  are  proportioned  to 
\nme  of  ore  dumped  at  one  time,  and  to  the  percentage  of  fines.  The 
puld  have  such  a  cross  section  that  the  spaces  will  widen  from  the  upper 
[under  side,  thus  insuring  a  free  discharge  of  the  undersize.  Fig.  205 
me  commonest  form  of  bar.  The  following  list,  taken  from  the  Union 
forks  catalogue,  gives  several  sizes  of  grizzlies  using  this  fonn  of  bar: 


widtit* 
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lonnd  bars  with  the  ends  bent  at  right  angles  and  driTen  into 
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two  fiupporting  timbers  (see  Fig.  208).  Mills  65,  73  and  74  nse  old  fltamp 
stems  3  inches  in  diameter  and  1 1  feet  long.  Various  designs  have  been  nude 
to  get  the  most  wear,  and  throw  away  the  least  material  when  the  bars  are  worn 
out.  A  thick  head  gives  metal  to  withstand  the  wear;  and  a  narrow,  deep 
web  gives  the  stren^h  to  resist  bending.  This  form  also  clears  itself  weU, 
because  of  the  widening  space  below.  Special  forms,  designed  for  this  purpose, 
are  used  in  Mills  22,  28,  46,  47,  48,  61  and  92. 
Mill  61  has  a  grizzly  consisting  of  two  sets  of  bars,  one  following  the  other, 


PIG.  208. — A  METHOD  OF 
SUPPORTING  ROUND 
OBIZZLY    BARS. 


FIG.  209.  FIG.  210.  FIG.  211.         FIG.  2U. 

CROSS  SECTIONS  OF  SPECIAL  GRIZZLY  BARS. 


with  a  drop  of  2^  inches  from  the  end  of  the  first  set  to  the  beginning  of  the 
second.  The  upper  set  takes  the  hardest  wear  and  is  replaced  oftener  than  the 
lower  set.  The  special  narrowing  of  the  bar  and  widening  of  the  space  down 
the  slope  of  these  bars  is  to  make  them  clear  themselves.  Except  that  their  lower 
ends  are  supported  they  are,  in  every  sense,  finger  bars,  that  is^  bars  supported 


dJS 


<±^ 
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PIG.  213. — ELEVATION  OF  GRIZZLY  MADE  OF  INVERTED  RAILS. 


only  at  the  upper  end  and  having  a  decreasing  width  of  bar  and  coi 
an  increasing  width  of  space  toward  the  lower  end.*^ 

Mill  22,  also,  uses  two  sets  of  bars.  In  this  case  the  first  set  has  a  steeper 
slope  than  the  second.  The  bar  used  in  this  mill  has  a  heavy  head  supported  I? 
a  deep,  narrow  web  below  (see  Fig.  209). 

Mills  46  and  48  use  a  spruce  timber  capped  with  a  square  iron  bar  (see  Fi( 

210).    When  the  iron  is  worn  out  the  timber  will  generally  be  worn  ontil*' 

Mill  92  uses  a  wooden  bar  capped  with  half-round  iron  bolted  on  (see  ^  Ul)* 

Mill  47  uses  cast  iron  bars  capped  with  steel  angle  irons  (see  Ilg.  218).  ^ 

steel  weave  out,  but  the  iion  \&  ^nc^ivftut.    Of  the  various  desjgns  seen  \if 
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screen  the  ore,  among  the  30  whose  slopes  arc  given,  twelve  slope  45',  five  slope 
from  35°  to  43°,  and  the  otlicrs  range  all  the  way  down  to  horizontal.  Some 
ores  will  slide  properly  at  35°,  but  40°  or  45°  is  usually  .preferred.  At  a 
steeper  slope  than  45°  the  ore  moves  too  fast  to  be  properly  screened;  at  less 
than  35°  the  ore  will  generally  have  to  be  raked  forward.  The  duties  of  the 
grizzlies  in  this  class  (without  hand  picking)  are  as  follows:  Twenty  relieve 
breakers,  eight  relieve  spalling  floors,  three  relieve  picking  tables,  two  relieve 
shipping  ore,  and  one  relieves  steam  stamps  of  fine  ore. 

The  grizzlies  that  are  used  for  hand  picking  combined  with  screening,  with 
one  exception,  range  in  slope  from  23°  to  32°.  At  these  angles  the  ore  does  not 
slide  automatically,  but  is  easily  raked  forward,  thus  facilitating  both  the  pick- 
ing and  the  delivery  to  the  next  machine.  In  one  case  the  grizzly  is  horizontal 
The  duties  of  the  grizzlies  in  this  class  are  as  follows :  Six  relieve  breakers  and 
one  relieves  steam  stamps  of  fine  ore,  one  relieves  log  washers  and  one  relieves 
a  jig  of  coarse  ore,  and  one  serves  merely  to  remove  the  fines  in  order  to  facilitate 
the  work  of  the  pickers. 

A  satisfactory  size  of  grizzly  for  gold  mills  appears  to  be  about  4X12  feet 
In  the  mills  using  jigs  to  concentrate  ordinary  lead  or  copper  ores,  the  practice 
varies  greatly;  a  grizzly  6X12  feet  would  meet  the  largest  demand  recorded 
The  grizzlies  used  for  the  native  copper  of  Lake  Superior  vary  from  5  to  8 
feet  in  width  and  from  7  to  14  feet  in  length.  Their  bars  are  all  made  to 
stand  very  heavy  work. 

Inspection  of  Table  185  shows  that  grizzly  bars  for  extra  heavy  work,  and 
having  wide  spaces,  are  made  of  chilled  cast  iron,  of  cast  steel,  of  wood  capped 
with  wrought  iron  or  steel,  and  cast  iron  capped  with  steel  angle  bars;  while 
grizzly  bars  for  lighter  work  and  smaller  spaces  are  of  flat,  wrought  iron  or 
steel  bars,  on  edge. 

The  wear  upon  grizzlies  is  so  small  that  the  cost  per  ton  of  ore  is  insignificant. 
The  life  of  a  few  grizzlies  is  here  given:  200,000  tons  of  ore  in  Mill  13;  25,000 
tons  in  Mill  28;  3,675  tons  in  Mill  42;  200,000  tons  in  Mill  61;  18,000  tons 
wore  oflE  less  than  i  inch  from  3-inch  bars  in  Mill  62 ;  140,000  tons  in  Mill  64; 
"worn  but  little  in  10  years"  in  Mill  57;  lasted  10  yean^  in  Mill  59;  5  years  in 
Mill  68. 

There  does  not  seem  to  be  much  need  of  the  grizzly  to  relieve  the  breaker  of 
the  fines,  for  it  is  everywhere  economy  to  have  a  breaker  of  greater  capacity  than 
the  mill.  A  grizzly  must  be  used,  however,  where  the  tendency  to  form  slimes 
is  to  be  avoided,  and  it  saves  some  wear  on  the  jaws.  Of  the  mills  using 
breakers,  stamps,  amalgamating  plates  and  vanners,  17  have  grizzlies  and  7 
have  not;  of  the  mills  using  rolls,  trommels  and  jigs,  15  have  grizzlies  and  18 
have  not ;  of  the  mills  using  steam  stamps,  classifiers  and  jigs,  all  of  the  six 
described  use  grizzlies. 

§269.  Perforated  Plate  and  Wire  Cloth  Screens  for  Medium  and 
Fine  Work. — Mill  91  has  two  sets  of  stationary  sloping  screens  made  of  pe^fo^ 
ated  plates,  both  used  for  dry  screening.  The  coarse  set  is  about  the  same  as 
a  14-mesh  cloth  screen,  and  is  capable  of  screening  crushed  ore  and  the  re- 
crushed  oversize  to  the  extent  of  300  tons  of  undersize  per  hour.  Each  scieen 
slopes  45**  and  has  a  net  perforated  surface  22  inches  long  and  16  inches  wide 
One  inch  of  blank  margin  is  left  all  around  for  attaching  it  to  its  frame.  The 
screen  is  made  of  crucible  steel  0.03  inch  thick,  and  has  slots  0.5  inch  long  and 
0.06  inch  wide.  The  percentage  of  opening  is  17.62%.  Sand  to  be  screened  is 
fed  to  a  tier  of  four  screens,  placed  one  above  the  other,  but  sloping  opposite 
ways  (see  Fig.  214).  The  oversize  of  the  first  goes  to  the  second  that  of  to 
second  to  the  third  and  so  on.  The  final  oversize  has,  therefore,  traversed  w 
jDcbes  of  screen.    Three  tiers,  mo^ante^L  ^ide  by  side,  12  screens  in  all,  make 


>/ 


Two  banks  are  placed  back  to  back  for  convenience.     Four  banks 

blocks  which  are  boxed  in  duist  tight,  48  sieves  in  all.     There  are  5 

K  blocks,  making  a  total  of  240  screens  to  turn  out  300 

jKu^n  y  ^^®  ^^  undersize  per  hour,  about  equivalent   to   14- 

^  y/- 1       mesh  wire  cloth  in  size.     It  makea  200  tons  per  hour 

Jh*  of     oversize,  which  is  recnished  and  returned  to  the 

Y    \  screen. 

Edison  has  studied  the  trajectory  of  the  particle  on 
these  screens  and  finds  that  with  slots  less  than  \  inch 
long,  the  particles  would  largely  fail  to  get  through 
y^-  the  holes.     This  rules  out  horizontal  and  diagonal  slots. 

v\  yy*  The  objection  to  placing  the  slots  in  line,  one  below  the 

■     ^^  other,  is  overcome  by  the  irregularity  of  the  path  of 

the  particle.     He  has  not  found  anything  to  be  gained 
by  staggering  the  slots,  which  weakens  the  plates. 

The  fine  set,  made  up  of  screens  with  slots  some- 
what coarser  than  SO-mesh  wire  cloth,  make  135  tons 
of  tindersize  per  hour.  These  plates  are  of  0.02-inch 
crucible  steel  plate.  The  slots  are  0,5  inch  long,  0.02 
inch  wide.  The  spaces  both  ways  are  \  inch,  making 
11.03%  of  opening.  Mr.  Edison  estimates  the  wear 
at  almost  nothing  after  screening  80,000  tons  of  per- 
fectly dry  ore.  He  finds  1%  of  moisture  in  the  ore 
multiplies  the  wear  by  about  seven. 

In  regard  to  the  thickness  of  plates  for  this  class 
4* — CROSS  SEC-  of  screening,  he  prefers  thin  plates,  as  the  tendency 
>K  THBoroH  A  to  blind  is  much  less  where  there  are  fewer  chances 
!7BLB  BASK  OF  for  points  of  contact,  as  is  the  case  in  the  thin  plates. 
HON  SCREENS.      The  screens  of  thii^  plant  have  never  shown  the  slightest 

indication  of  blinding. 
t  with  a  hand  screen  showed  that  "^hjo  of  the  ore  that  was  fine  enough 
through  the  mill  screens  did  so. 

.uthor  understands  that  these  screens  have  recently  been  adopted  to  dis- 
>mmels  in  Mill  92* 

inary  sloping  screens  of  wire  cloth  are  used  in  the  rock  house  of  Mill 
in  Mills  G  and  7-     The  details  of  those  in  Mill  13  are  as  follows: 
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»ver«J2e  of  No*  2a  is  shoveled  upon  No.  26  in  order  to  remove  the  ficnes 
w  2a  doee  not  remove. 


ElDDLES   AND   ViBBATINO    OhIZZLIES, 

E8  are  shaking  screens  with  plane  surfaces.    They  may  have  less 
plane  screens  because  the  motion  of  the  screen  is  transmitted 
pg  the  overside  toward  the  discharge  end.     Riddles  are  divisi- 
ps:  (a)  Shaking  screens,  which  have  an  endwise  or  eidewise 
be'plane  of  the  screen,  or  nearly  so,  with  or  without  a  bump*,  (6\ 
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Pulsating  screens,  which  have  an  up  and  down  motion,  perpendicular,  or  nearly 
80,  to  the  plane  of  the  screen;  (c)  Gyrating  screens  with  a  circular  or  elliptical 
motion  in  the  plane  of  the  screen;  {d)  Gyrating  screens  with  motion  in  a 
vertical  plane  parallel  to  their  lengths.  The  screen  plates  or  cloths  of  all  these 
classes  are  mounted  in  frames  of  wood  or  iron,  with  or  without  supporting  ban 
beneath  the  screen  as  may  be  needed. 

The  frames  of  the  shaking  screens  are  supported  from  suspending  rods  or 
chains  above,  and  their  slope  regulated  by  ^vinding  or  unwinding  the  chains 
at  one  end,  holding  it  in  place  by  rachet  and  pawl ;  or  they  may  be  supported 
upon  toggles  or  wheels  below,  and  their  slope  varied  by  elevating  or  depressing 
the  supports  of  these  at  one  end,  by  screws  or  wedges.  The  frames  of  the  pulsat- 
ing screens  are  pulsated  by  eccentrics  below,  transmitting  power  through  springs, 
or  by  a  cam,  spring  and  bumping  post  above.  These  screens  move  in  guides. 
The  frames  of  gyrating  screens  are  supported  from  suspending  rods  or  by  oonicti 
or  spherical  wobblers  beneath,  and  the  slopes  regulated  in  the  same  way  as  for 
shaking  screens.  Shaking,  pulsating  and  gyrating  screens  will  all  run  more 
smoothly,  and  will  shake  the  mill  less  if  they  have  counterpoises  to  balance  the 
shake. 

In  Mill  77  the  tailings  from  the  No.  1  Gilpin  County  bumping  tables  go  to 
flat  screens  attached  to  and  bumping  with  the  No.  2  bumping  tables  120  times 
a  minute.  These  screens  slope  20°  and  are  made  of  50-mesh  brass  wire,  the 
width  of  the  holes  being  0.015  inches  (0.38  mm.).  Their  undersize  is  treated 
on  the  No.  2  tables ;  their  oversize  is  waste.  The  attempt  to  use  trommels  for 
this  work  was  a  failure,  on  account  of  the  chokage  and  of  excessive  wear  on  the 
screen.  Mill  86  uses  the  same  method,  with  40-mesh  brass  screen,  bumping  150 
times  a  minute,  the  oversize  of  this  screen  being  re-ground.  These  two  mills 
are  under  the  same  management. 

In  1895  the  Mayflower  mill  of  Idaho  Springs,  Colo.,  had  a  screen  with  end- 
wise throw,  having  6  feet  length  and  3  feet  width,  26°  slope,  suspended  by  rods, 
shaken  by  cam  and  gravity,  having  five  sieves  (2  mesh,  5  mesh,  10  mesh,  20 
mesh  and  40  mesh),  but  the  author  understands  it  has  since  been  given  up  for 
trommels. 

At  the  Philadelphia  and  Reading  Coal  and  Iron  Co.'s  coal  washer  in  Mahanoj 
City,  Penn.,  two  sets  of  end-shaking  screens  are  arranged  on  opposite  sides  of  a 
single  shaft  so  as  to  balance  one  another.  As  a  further  means  of  preventing 
jar  to  the  mill,  they  are  run  at  135  to  145  six-inch  throws  per  minute  instead 
of  the  200  throws  of  2  to  3  inches  recommended  by  Rittinger.  The  screens  are 
9  feet  long,  4  to  6  feet  wide,  with  a  slope  of  only  |  inch  per  foot  (4°  10'),  and 
do  excellent  work.  Three  screens  are  arranged  one  above  another  in  a  single 
frame.    The  holes  are  round  and  range  from  4^  inches  to  iV  i^ch  in  diameter. 

Tho  Sauer-Mayer  riddle  consists  of  three  screens  one  above  another  in  the 
same  frame,  which  is  suspended  from  above.  The  second  and  third  screens 
slope  in  the  opposite  direction  from  the  first,  the  slope  in  each  case  being  10*. 
The  net  lengths  are  respectively  IJ,  2  and  IJ  meters,  the  width  ^  meter. 
Beneath  the  first  half  of  the  upper  screen  is  a  shelf  to  carry  the  undersia  to 
the  head  end  of  the  second  screen.  The  whole  apparatus  is  shaken  sidewise  at 
the  rate  of  180  to  200  throws  per  minute,  by  means  of  two  cranks  and  connect- 
ing rods.  When  using  screens  with  40,  20  and  10  mm.  holes  respectively  the 
length  of  the  throw  is  80  mm.,  and  the  capacity  is  from  50,000  to  65,000  kiloa 
(110,000  to  143,000  pounds)  of  coal  per  hour.'' 

The  Ferraris  shaking  screen^''  is  set  horizontally  on  the  upper  ends  of  foor 
laminated  beech  wood  supports  on  each  side.  Driving  is  done  by  an  adjustable 
eccentric  running  at  350  revolutions  a  minute  with  a  throw  of  25  to  32  mm. 
(1  to  li  inches).    The  supports  slope  upward  and  backward  to  the  screen  inme 
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aogle  of  about  65**  with  the  horizontal,  and  act  as  springs.     The  screea 

j'eceives  an  upward,  forward  motion  on  the  forward  stroke  and  a  downward, 

fard  motion  on  the  return  stroke,  which  causes  the  ore  to  move  rapidly 

d.     At  Monteponi,  Sardinia,  a  screen  frame  TOO  mm.  (2?^  inches)  wide, 

m.  (13  feet  1  inch)  long  has  a  14-mm.  round  hule  screen  on  the  first  half 

length,  followed  by  20-  and  30-ram.  round  hole  screeus.     Four  transverse 

pipes  above  the   14-mm.  screen  assist  in  removing  the  fines.     The  ore 

th^n  14  mm,  goes  to  another  screen,  having  5-,  7-  and  lO-mm.  round  holes, 

run  in  the  usual  way  the  screen  does  not  work  well  for  ore  finer  than  5 

but  Sanna  has  designed  a  eurcessful  modification  for  fines,  in  which  the 

is  suspended  on  sloping  spring  rods  over  a  hopper-shaped  box  full  of 

^  and  just  dips  into  the  water  on  each  backward  downward  stroke.     This 

the  holes  free,  but  the  immersion  must  be  only  very  slight  or  the  forward 

nent  of  the  ore  will  be  hindered.     Water  is  fed  to  the  hopper-box  con- 

j,  to  supply  the  spigot  discharges,  and  the  level  is  maintained  by  a  ooo* 
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overflow.     With  this  arrangement  the  screen  is  said  to  work  without  diffi* 
on  ore  as  fine  as  0.5  mm. 

(>ge  screens  have  displaced  trommels  at  Monteponi  and  other  Sardinian 
;  and  at  the  former  place  3  m,  (9  feet  10  inches)  of  mill  height  was 
>y  saved.  They  retjuire  less  power  and  have  about  double  the  capacity  of 
Dels  1  m.  (39.4  inches)  in  diameter,  and  the  wear  is  so  slight  that  the 
plates  at  Monteponi  have  not  needed  repairs  in  a  year. 
Columbian  pulmiing  screen  (see  Fig.  215),  made  by  the  Jeffrey  Mfg- 
a  wire  cloth  screen  A  mounted  in  a  wooden  frame  with  cross  bars  to 
irt  the  screen,  and  set  at  a  slope  of  about  40°^  On  each  aide  of  the  frame 
ced  a  hickory  spring  bar  B,  attached  at  its  ends  to  the  ends  C  of  the  screen 
The  eccentric  rods  D,  which  are  perpendicular  to  the  screen,  are  at- 
i  at  the  middle  of  these  hickory  bars.  The  screen  frame,  as  it  riseg  and 
irith  the  eccentncp.  dides  in  guides  E,  the  amount  of  throw  being  limited 
ht  lit! I  hufTerh  F,  one  above^  and  oiio  Im?Iow  each  end  nf  rinli 

I  bar,      I  '  >  ate  held  in  place  by  lock  nuts  (7,     The  slope  of  the 

can  be  viried  by  changing  the  positions  of  the  buffers;  also  by  changing 


pnritions  of  the  brackets  U  that   support   the  buffers.     The  slope  has  a 
rked  influence  on  the  underi«ize  product— the  steeper  the  slope  the  finer  will 
lathe  undersize.     This  fact  permits  the  use  of  a  screen  that  is  considerably 
^^r  than  the  desired  undersize,  the  advantage  being  that  the  coarser  screen 
Uore  durable. 

fhe  machine  is  made  with  a  screen  surface  measuring  6  feet  on  the  slope  and 
itber  4,  6  or  8  feet  wide.  It  is  run  at  350  revolutions  per  minute,  the  usual 
gth  of  throw  being  ^  inch*  A  Portland  cement  works  reports  that  30  tons 
I  screened  in  10  hours  through  cloth  with  40X50  mesh.  The  screen  lasts  6 
iths,  and  the  machine  uses  5  horse  power.  A  hard-pehblc  phosphate  mill 
^rts  that  the  machine  has  10  to  15  times  the  life  of  a  round  or  hexagonal 
^^b1,   and   will  screen   8,400   pomids  of  hard-pebble   phosphate   per  hour 

_h  60  mesh. 
Rle  Coxf  gyrating  screen}'^  usually  has  four  sieves^  4  feet  wide,  6  feet  long, 
ing  about  5**,  placed  one  above  another  in  a  box  made  af  cast  iron,  1  foot 
feet  deep  according  to  the  number  of  sieves.  Four  sieves  require  a  depth 
t5  inches.  The  box  is  supported  at  the  four  comers  upon  rolling  pieces,  each 
I  tbe  form  of  two  obtuse  cones,  placed  base  to  base  (see  Fig.  216).  They  roll 
ith  their  lower  apices  at  the  centers  of  discs  upon  the  supporting  frame. 
^'on  the  cones  and  attached  to  the  nnder  side  of  the  screening  box,  are  four 
discs  which  roll  upon  the  cones  and  complete  the  support  of  the  box. 
gyrating  crank  is  placed  beneath  the  sifting  box  on  a  short  vertical 
ifl^  and  for  coal  has  a  radius  of  about  2  inches,  and  a  counter  weight  to 
the  centrifugal  force  of  the  screens.  The  screens,  when  used  for  dry 
5,  make  14d  gyrations  per  minute;  when  water  is  used,  a  higher  rate 

capacity  of  this  screen  for  anthracite  coal  is  as  follows:  Pea  (on  f  inch) 

pounds  per  hour;  buckwheat  (on  |  inch)   12,000  pounds;  rice   (on  ^ 

\\  0.600  pounds:  barley  (on  ^^  inch)  6,000  pounds  per  hour, 

•IS  are  noticed  in  the  bibliography. 

iyrcnt  riddles  with  each  other,  we  may  say  in  regard  to 

ihui  tilt*  pulsating  screen  with  steep  slope  has  the  greatest  capacity. 

llow^  the  gyniting  s<.recn^  an<l  finally,  the  shakin|j^  scretiis.     In  regard  to 

the  order  has  not  been  well  proved,  but  it  will  probably  be  the  same,  the 

iting  scn'cn  having  the  lca>L  and  the  ^shaking  screen  the  most.     In  regard 

Hope,  the  gvTating  screen  will  have  the  least  slope,  next  will  follow  the  shak- 

r^crefrn.^,  and  finally  the  pubating  screen  with  its  steep  slope.     In  regard  to 

E'  making,  those  with  least  capacity  will  make  the  most  slimes.  In  regard 
pend^ture  of  power  and  shaking  of  the  mill,  there  is  no  reason  in  principle, 
one  should  be  placed  before  another,  unless  some  special  design  may  give 
screen  an  advantage*  In  favor  of  the  gvrating  screen,  the  gentle  slope 
t      "  "  "         -  -     ■ .  - 


iits  of  placing  several  screens  under  one  another,  which  saves  mill  floor  and 

~  "  "       '  ng     '      ' 

rtiiHATiNO  Grizzlies  are  used  in  two  of  the  mills  (see  Table  185).     Mill  28 


phicin 
rhe  g\ 


;ht.     The  giTating  action  also  prevents  blinding  of  holes. 


*«fi  a  grizzly  5  feet  1  inch  long  and  1  foot  7  inches  wide,  sloping  4**,  made  of 
**pound  iron  rails  ijiverted.  It  is  fed  by  a  large  hopper  which  narrows  down 
i>  a  discharge  opening  30X15  inches.  The  bars  are  held  upon  the  axles  of  two 
Hi  '  '  ^  wheels,  which  roll  upon  supporting  rails.  This  grizzly  is  given 
idioal  vibration  25  times  a  minute  by  means  of  a  crank  and  eon- 
rod- 

42  hais  little  grizzlies  24X30  inches,  sloping  30**,  which  an?  vibrated  by 

ammer  motion  like  that  of  a  Cnllom  jig  (see  Fig.  217),  the  lower  ends  of 

fhar^t  making  200  one-in<'h  vrriital  throws  per  minute.     As  the  double  ham- 

a  ofeciJlates^  the  Ftirnip  d  is  raised  by  the  levers  b  and  c  alternately.    Both 
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of  these  grizzlies  have  small  size  and  gentle  slope  compared  with  the  stationary 
form. 

A  Briart  bar  screen  is  used  in  Mill  94.  Each  bar  is  supported  by  an  eccentric 
at  the  upper  end,  and  is  hung  on  a  swinging  support  at  the  lower  end.  The 
•eccentrics  for  half  the  bars  arc  set  at  180°  from  those  for  the  alternate  bars; 
and,  at  the  lower  ends  each  set  rests  on  its  own  cross  bar,  the  latter  being  sus- 
pended freely  by  links  at  the  side  of  the  screen.  Either  set  of  bars  lus  an 
upward  forward  motion,  while  the  other  set  is  moving  backward  and  downward. 
As  the  screen  slopes  only  about  10'',  the  movement  of  the  ore  depends  whoUy 


^;^^-^s2/^^^ 


^ 


side  1!neTatlo»  End  deratioii 

no.  217. — ^VIBRATING  GRIZZLY  AT  MILL  43. 

on  the  convoying  action  of  the  bars.  The  object  of  this  device  is  to  prevent  a 
sudden  rush  of  ore;  and  in  coal  cleaning  plants  (where  it  is  chiefly  used)  the 
men  can  stand  in  front  of  it  on  the  picking  floor  without  danger.  In  Mill  94. 
it  serves  as  an  automatic  feeder  to  a  breaker. 


Bevolvino  Scbeens. 

§  271.  Revolving  Screens  or  Trommels  may  be  divided  into  three  classes: 
(a)  Cylinders  and  prisms;  (6)  Cones  and  pyramids;  (c)  Spirals.  They  srs 
designed  to  screen  ore  with  but  little  fall,  and  to  avoid  the  vibrations  caused  bj 
shaking  screens.  This  is  made  possible  by  causing  the  particles  to  slide  bj 
the  revolution  of  the  screen,  instead  of  by  the  steep  slope  or  the  shaking  mow- 
ment  used  in  other  forms.  When  the  ore  is  once  in  motion,  a  very  Aigpi  slop 
In  the  direction  of  the  length  will  cause  it  to  move  forward.  The  achial  path 
of  a  particle  upon  the  surface  of  the  screen  is  in  the  form  of  a  screw  thread  or 
helix,  and  it  will  be  called  the  helical  path.  The  capacity  of  a  trommel  when 
doing  good  work  depends  upon  the  speed  with  which  it  can  separate  graiw 
above  a  certain  size  from  those  below  that  size. 

In  the  use  of  trommels  there  are  two  practices.  One  seeks  the  minimum  Ml 
by  using  a  very  gentle  slope,  and  to  remedy  the  consequent  thick  bank  of  ore 
by  increasing  the  length ;  but  the  result  is  that  the  thick  ore  bank  hinders  good 
screening,  there  is  increased  wear  on  the  screen,  and  more  power  is  required  for 
driving.  The  other  practice  seeks  for  more  individual  treatment  of  the  parti- 
cles by  using  steeper  slope.  Incidentally,  by  the  rapid  passage  of  ore,  and  th 
consequent  thin  bank  of  ore,  and  by  the  lightness  of  the  load  at  any  moment 
it  obtains  increased  capacity,  diminishes  the  necessary  length  of  screen  and  the 
power  to  drive,  and  lessens  the  wear  on  the  screen. 


^^^^^^          SlZmO  SCREENS,    ^^^^^^^^                       ^| 

Bi^^B  aed  operation  of  trommelB  in  the  nulls  are  shown  in  Tables       ^H 

"able  186.— dimensions  and  opehation  of  trommels.                       -^^ 

loiML— C=Tiro  diametere  of  conical  trommels;  Gl= Beveled  Rears  at  lower  end;  n=Geftr8  with                   J 

MDniel  below:  In.=lDclU!A:Iu=Oearft  with  Idler  from  trommel  above;  L=  Directly  connected                   i 
ftbafl;  LN-^Pouods;  n^Pulley  aod  belt  at  lower  end;  Pii-Piilley  and  belt  at  nnper  end;  81=                    ■ 
ow«r  cod  from  counter  whaft;  Stl— Sprocket  from  tromm«l  at  lower  oad;  Stu=bprockct  from                  J 
Eiper  end;  Su^Sptocket  at  upper  end  from  counter  abaft.                                                                          ^^H 
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Table  186  shows  that  there  are,  in  the  mills  visited  by  the  author,  143  cyhnd 
14  cones,  1  cone  and  cylinder  combined,  1  hexagonal  priiam,  and  1  beiagq 
pyramid,  in  a  total  of  100;  from  which  it  appears  that  cylindrical  troma 
meet  with  far  more  favor  than  any  other  form.  They  will  therefore  be  discoi 
first. 

§  272.  A  Cylindrical  Trommel  consists  of  a  sloping  shaft  mounted  a 
boxes,  and  driven  generally  at  the  lower  end  (see  Figs.  218  and  219).    On 


FIG.  218, — A  SERIES  OW  TR0KKEL8  DEIVEN  BY  TOOTHED  QEASB. 


FIG.  219. — SHEET  IBON  TBOMMeL  HOUSIira. 

shaft  are  two  or  more  spiders  with  radial  spokes,  to  the  ends  of  which  is  ft' 
the  screen  plate  or  wiro  cloth  wrapping  around  the  spiders  in  cylindrical 
At  the  upper  end  of  the  cylinder  is  a  short  receiving  cone  of  platf  irm 
vent  ore  from  backing  nut  of  the  feed  end.     To  catch  the  un^  he| 

beneath  the  trommel,  a  cjising  of  wood  or  iron,  with  either  a  set 
V-sbaped  cross  section,  and  liaving  its  sides  extended  vertically  - 
the  axis  of  the  trommel.     The  casing  is  so  constructed  thai  it  d**Ji,, .    . 
me^  which  passes  through  the  screen,  in  a  epout  near  the  lower  end,  4i 
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In   a  second  spout  at   the  lower  end.     A   dividing  partition   prevents 

lprodU(;ts  from  mixing.     The  ca;?ing  has  a  steeper  slope  than  the  trommel. 

dimen>?ions  and  adjustineut.<  of  trommels  deserve  special  atiidy. 

Diameter  of  the  cylinders  in  the  mills  visited  varies  from  20  to  48 

Of  the  135  diameters  of  cylindrical  trommels  recorded  in  Table  186, 

leae  than  30  inches j  18  are  30  inches;  8  are  32  or  34  inches;  92  are  36 

nnd  11  are  more  than  36  inches,  showing  30  inches  to  be  the  favorite 

The  number  of  revolutions  per  minute  and  other  factors  being  the 

Ihe  larger  the  diameter  of  the  trommel  the  wider  and  shallower  will  be 

of  ore,  and  consequently  the  better  will  be  the  screening;  but  the 

will  be  the  tendency  to  blind  up  the  holes,  due  to  increased  centrifugal 

liKJffOTH  of  the  cylinders  varies^  in  the  mills  visited,  from  34  to  168 
Of  the  140  lengths  of  cylinders  recorded,  17  are  from  34  to  54  inches; 
60  iDches;  8  are  from  63  to  69  inches;  35  are  72  inches;  10  are  from  80 
liDchea;  14  are  from  90  to  100^  inches;  11  are  from  103  to  108  inches;  4 
iiid  10  are  from  133  to  168  inches,  showing  that  5  and  6  feet 
Ivor  ihs,  but  that  there  is  a  considerable  number  up  to  9  or  10 

id  albo  below  5  feet  in  length.  The  trommel  must  be  long  enough  to 
each  particle  a  reasonable  number  of  chances  to  pass  through  a  hole. 
fently  the  deeper  the  ore  bank  the  longer  the  trommel  must  be;  but  if  the 
M«  loo  deep  good  screening  is  impossible.  It  is  also  affected  by  the  size  of 
Mjb:  the  greater  the  proportion  of  undersize  that  is  nearly  as  large  as  the 
B  holes*  the  more  difficult  is  the  separation  and  therefore  the  longer  should 
trommel  be.  In  the  No.  1  trommel  of  Mill  23,  which  is  very  long  (9  feet), 
les  M  enough  removed  in  the  first  half  so  that  the  undersize  of  the 

hi  t  directly  to  a  jig,  while  that  of  the  first  half  goes  to  the  next 

1  he  holes  are  7  mm.  in  diameter  in  both  halves. 
Slupk  is  a  roost  important  factor,  as  it  largely  allcets  both  the  capacity 
trommel  and  the  quality  of  the  products.  Other  things  being  the  same, 
^v.-  r  The  slope  the  more  rapid  will  be  the  passage  through,  the  shallower 
ik  of  ore,  the  more  nearly  will  individual  treatment  of  the  particles 
xv.j,  aud  in  consequence  the  greater  will  be  the  capacity.  Obviously  the 
L'ttiiiiut  he  increas4'd  tn  advantage  indefinitely,  because  at  45^  a  flat  screen 
?ly  (when  run  dry),  inul  thu  tlat  screen  uses  llie  whole  area  while 
_  cif'I  uses  only  a  narrow  baud  of  screen  plate  at  one  time. 
pra»?tice  is  as  follows:  12  trommels  elope  from  I*'  5'  to  2"*;  18  slope 
"  V  to  3'' ;  23  slope  from  3°  1'  to  4^ ;  38  slope  from  4''  1'  to  5" ;  11  slope 
5**  r  to  6**;  9  slope  from  7*"  to  S""  30';  16  slope  from  9  to  lO*';  and  2 
pe  14"  and  22**  35'  respectively.  Stated  in  inches  per  foot:  4  trommels  slope 
mt  I  inch  per  foot;  18  about  J  inch;  32  about  |  inch;  36  about  1  inch;  11 
mt  li  inches;  8  about  IJ  inches;  1  about  IJ  inches;  16  about  2  inches;  1 
mt  3  inches;  and  1  about  5  inches  per  foot, 

ftBKi  '"  from  8  to  30  per  minute,  16  to  20  being  most  common; 

^^P*  I  K  to  10  revolutions  per  minute;  19  make  12  to  15|  revo- 

pr^^  -.'i}  revolutions;  26  make  20|  to  25  revolutions;  and  22 

s  per  minute. 
of  revolutions  \\ithin  certain  limits  increases  speed  of  conveying  the 
thrnni^h  f^r  tnmimd,  which  thins  the  ore  banks  and  thereby  improves 
blog,     T  ^1  is  dependent  on  two  facts:  {a)  The  particle  is  carried 

gide  ni  IN'    ijnmmel  and  rolls  down  to  a  point  nearer  the  lower  end  of 
[>mn»el  than  Uiat  at  which  it  started,  its  path  in  space  having  the  form  of  a 
oth;  {h)   <  entrifngal  force  make?*  the  ore  cling  to  the  side  and  rarrie^^  it 
but  makes  the  angle  of  th«i  saw  tooth,  or  pitch  angle  of  the  helical  yath^ 
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narrower.  Tho  more  rapid  revolution,  then,  loses  on  conveying  speed  by  dimin- 
ishing the  piioli  angle,  but  gains  more  than  it  loses,  by  the  increased  number  of 
saw  teeth  in  its  path  per  minute.  This  increase  of  speed  of  conveying  the  ore 
through  the  trommel  goes  on  with  increased  revolutions  until  that  speed  ii 
reached  at  which  the  ore  will  be  carried  over  by  centrifugal  force,  and  when  this 
speed  is  attained  conveying  power  is  at  an  end.  Another  fact,  however,  com- 
pletely vetoes  this  use  of  rapid  revolutions  for  gaining  speed  of  screening,  and 
that  is  the  fact  that  as  centrifugal  force  increases  it  tends  to  blind  the  holes 
of  the  screen,  and  this  hindrance  is  so  serious  that  it  condemns  altogether  ^ 
seeking  of  great  capacity  by  high  speed  of  revolutions ;  20  revolutions  for  t 
36-inch  trommel  is  as  fast  as  should  be  recommended.  In  Mill  35,  trommels  36 
inches  in  diameter  were  run  at  24  revolutions,  which  proved  to  be  too  fast.  In 
the  opinion  of  the  manager  18  revolutions  would  have  been  right. 

§  273.  The  construction  of  tronmiels  and  details  of  the  screens  are  given  in 
Tables  187  and  188. 

TABLE    187. — CONSTRUCTION    OF    TROMMELS;    AND    MATERIAL    OF    THE    SCREENS. 

Abbreviations.— Ac. = Hubs  are  cast  on  to  wrought  iron  spider  arms;  Ar.=Flatwrouf?ht  iron  spider  «nni 
are  riveted  to  bosses  on  the  hubs;  As.=Si)ider  arms  are  screwed  into  the  hubs,  and  held  in  place  by  lodcBiiti; 
Aflh.=£aioulder8  on  ends  of  spidor  arms  to  carry  the  bands,  see  S  875:  Bb.= Wrouj?ht  iron  bands  are  bolted  to 
the  Tends  of  the  spider  arms;  ]{r.=Wroup:ht  iron  hands  are  riveted  to  the  T  ends  of  the  spider  arms;  H.a 
Ad  outside  wrought  iron  hoop  nt  each  spider,  drawn  togettier  by  tightening  bolts;  In.=Inche8;  P.aPundMi 
plate;  Pc.=Cast  iron  plnte;  Pf.=Punched  tlange  iron  plate;  Pi.=Pimched  iron  plate;  Ps.=PuDched  stad 
plate;  Sbb.sSoreons  are  bolted  to  tho  wrought  iron  bands;  Sbt.=Screens  are  bolted  to  the  T  ends  of  theqridar 
arms:  8f.=Screen8  are  held  in  si*gin»'.ntnl  wrought  iron  frames  that  are  carried  by  the  spiders;  Srb.=:8orr  — 
are  riveted  to  the  wrouglit  iron  bunds;  W.= Wire  cloth;  Wb.= Brass  wire  cloth;  W8.=8teel  wire  doth. 
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tod  riveted  toffetber  toTeods  of  arma   (tl)  Frictloa  roller  support  at  one  end*  see  F\g.  SMlt. 
ira  tM  I  no.    Cfc)  The  first  two  troomiels  in  this  mUl  ore  glveu  in  Tifcbb  199,    {$)  Bainpler. 

are  made  of  wrought  iron  or  mild  eteel,  and  Table   186  shows  a 

ttmeter  from  1 J  to  3 J  inches,  according  to  size  of  tromraeK     A  2|^-inch 

Itisfactory   for  a  30-iiich   trommel,    60   inches  long;   and  a    3-inch 

itisfactory  for  a  3G-inch  Irommel,  72  inches  long.     Mill  22  reports 

-inch  shaft  proved  too  light  for  a  36X06-ineh  trommel,  and  that  a 

shaft  proved  satisfactory.     Mill   5  nses  a  4|-in€h   shaft  for  a   conical 
jsrith  42-iiich  and  50-ineh  diaoieters  and  404Dch  length*     This  large 
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isize  i8  needed  because  the  trommel  is  supported  at  one  end  only  (see  Q,  Fig. 
1916). 
Very  heavy  trommels,  using  east  iron  screen  plates  are  sometimes  mounted 
with  friction  rollers  at  the  upper  end  and  a  gudgeon  at 
the  lower  end  (see  Fig.  220).  In  the  sides  of  the  gud- 
geon are  large  holes  to  let  the  oversize  fall  out.  No. 
1  trommel  in  Mill  26  is  an  instance  of  this. 

The  Spiders  are  generally  attached  to  the  shaft  by 
key  and  set  screw,  the  key  bein^  desirable  to  guarantee 
the  exact  position  of  the  spioer  on  the  shaft.  The 
arms,  which  are  generally  of  round  iron,  are  attached 
to  the  hubs,  in  75  of  the  trommels  shown  in  Table  187| 
by  screwing  them  into  bosses  on  the  hubs  and  holding 
them  in  place  by  lock  nuts  (see  Fig.  221) ;  and  in  18 
trommels  by  casting  the  hubs  on  the  wrought  iron 
arms.  The  ends  of  these  arms  are  usually  provided 
with  T  pieces  welded  to  them.  In  3  trommels  tiie 
arms  are  attached  by  riveting  flat  iron  arms  to  flat 
bosses  cast  on  the  hubs.  The  outer  ends  of  these  flat 
arms  are  bent  at  right  angles  to  give  a  support  for 
the  screen. 

The  number  of  spiders  is  from  1  to  5,  depeadhig 
on  the  length  of  the  trommel:  1  trommel  has  one;  10 
have  two;  55  have  three;  18  have  four;  and  7  haw 
five  spiders.  A  spider  has  from  3  to  6  arms,  generally  4.  The  argument  for 
numerous  arms  is  that  they  will  make  a  more  perfect  cylinder;  the  argnment 
for  a  small  number  is  that  with  fewer  arms  to  wear  out  the  cost  of  repairs  ii 
less. 
The  distance  between  spiders  should  depend  on  the  strength  of  the  flcreen 

TABLE  188. — LIFE,  COST  AND  DETAILS  OF  TBOMMEL  80BEBN8. 
Abbreviations.— bet = between;  No.=numb6r. 
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Plate  ScreeriH.  Sc7el^/Num 
Number  of    ^f  "/Trom^" 
Trommels.      ;  ^^'^  l^f  Jj[^'™ 

Spaces. 

Plate  Screens. 
Number  of 
i     Trommela. 

Wire  aoth 
Screens.   Num- 
ber of  Trom- 
mels. 

Spaces. 

8 

9 

Inches. 
20 
94 
30 
89 
88 
84 
86 

10 

9 
10 

1 
1 
1 

Inches. 
40 
41 
48 
60 

8 
14 

1 

8 
9 
9 

29 

68 

68 

9 

For  plate  screens  the  most  common  distance  is  36  inches,  but  for  wire  cloth 
screens  it  is  only  30  inches.  It  is  necessary  to  have  the  spiders  nearer  tpgetber 
for  cloth  screens  on  account  of  the  flexibility  of  the  cloth.  At  the  Rapid  City 
Chlorination  Works,  where  the  trommels  were  covered  with  16-mesh  wire  clotl^ 
the  weight  of  the  ore  caused  the  olotli  to  sag  between  the  spiders,  and  this  con- 
stant bending  back  and  forth  broke  the  screen.** 

§  274.  Material  for  Screens. — The  screening  surface  or  screen  proper  is 
made  of  various  materials:  77  trommels  Ui?e  steel  plate;  6  wrought  iron  plate; 
4  flange  iron  plate;  4  cast  iron;  and  22  plate  (kind  not  named) ;  while  30  use 
steel  wire  cloth;  9  brass  wire  cloth;  and  4  wire  cloth  (kind  not  named);  1 
total  of  113  plate  screens  and  43  wire  cloth  screens.  From  this  list  it  is  evi- 
dent that  plate  is  preferred  to  wire,  and  that  steel  predominates  over  other 
material  for  both  plate  and  wire. 

In  regard  to  the  relative  advantages  of  punched  plate  and  wire  cloth,  the 
following  notes  embody  the  experience  of  various  mill  men  and  other  anfliori- 
ties.  Plate  lasts  longer  than  cloth  (Mills  16,  17,  32,  86  and  93),  and  gener- 
ally costs  loss  per  ton  of  ore  screened  (Mill  86),  though  occasionally  it  is 
more  expensive  on  account  of  high  freight  charges,  due  to  its  greater  weight 
It  is  stronger  and  therefore  less  liable  to  breakage  than  cloth  (Mill  84),  and  it 
is  more  easily  repaired  when  broken.  In  wire  screens  the  size  of  the  holes  is 
not  increased  so  much  before  wearing  out  as  in  the  case  of  plate,  and  therefore 
there  is  less  variation  in  the  screen  products ;  but  ordinary  cloth  has  the  dis- 
advantage that  the  wires  are  liable  to  spread  and  leave  the  holes  very  irregular 
in  size.  This  difficulty,  however,  is  overcome  by  the  "double  crimped"  cloth 
such  as  is  made  by  the  W.  S.  Tyler  Co.  This  "double  crimped''  cloth  has  been 
found  to  wear  about  twice  as  long  as  "single  crimped"  at  Mill  20.  Wire  cloth 
generally  has  a  larger  percentage  of  opening  and  therefore  somewhat  greater 
capacity  than  punched  plate.  It  however  has  the  disadvantage  that  the  round 
section  of  the  wire  makes  the  holes  taper  downward,  and  this  with  the  square 
shape  of  the  holes  and  the  uneven  surface  of  the  cloth  tends  to  bliiid  up  the 
screen,  especially  when  there  is  considerable  flbre  and  chips  (Mills  32,  38  and 
86).  Mill  86  discarded  wire  screens  for  mine  ore  on  account  of  chips  and 
fibre,  but  nses  it  for  reground  middlings  on  account  of  the  smaller  variati« 
in  the  size  of  holes  by  wear.  Cloth  is  more  liable  to  break  before  wearing  oat 
than  plate,  because  its  flexibility  permits  it  to  bend  more. 

The  corroding  agents  which  call  for  a  special  metal  are  sulphuric  add  to 
iron  pyrites  mines,  and  copper  sulphate  in  mines  carrying  copper  sulphidei 
Carbonic  acid  may  be  a  source  of  trouble,  but  it  is  not  so  powerful  an  agent  A 
destruction  as  the  other  two  substances.  Copper  and  its  alloys  arc  the  belt 
materials  for  overcoming  these  difficulties.  Kunhardt®  says  that,  for  pWe 
screens  with  holes  finer  than  2  mm.,  copper  is  better  than  iron;  the  fonnff 
wears  by  abrading  only,  the  latter  by  abrading  and  corroding.  At  CUuathljIZ 
in  one  case,  copper  cost  1.8  times  as  much  as  iron,  but  lasted  2.4  times  as  lonftl^ 
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'  "  '^is  being  llK'ir  respective  lives.     Mill  20  useg  brass?  elnth 

and  tioth  hnving  both  been  drgcanletl  in  favor  of  thi.s. 

hie  is  miKh  longer,  owing  to  acid  water,  and  the  freight  i&  less,  owing  to 

tightness  uf  the  cloth. 

ae  W.  S.  Tyler  Co.  recommend  phosphor  bronze  cloth  as  being  more  durable 

copper  or  brass  for  use  witli  add  water,  etc.     Harringtoo  &  King  recom- 

Id  manganese  bronze  for  plate  screens, 

{275.  Attachment  of  Screens, — The  screen  plate  or  cloth  is  attached  to 

[r  ends  or  bent  ends  of  the  spider  arms  in  a  variety  of  ways.     In  33  trom- 

WTfiught   iron   tires  arc   riveted   to  the   T  ends,   and   the   plate   or  cloth 

pped  around  these  tires  and  held  by  tightening  hoops,  to  the  ends  of  which 

are  riveted  for  the  insertion  of  draw  bolts;  and  in  11  others  this  same 

is  used  without  the  inside  tires.     Fig.  232  shows  the  latter  method. 

Itigs  and  draw  bolts  are  shown  in  Fig.  223.     In  7  trommels  the  tires  are 

pd  or  bolted  to  the  T  ends,  and  the  screens  are  bolted  to  these  tires,  in 

ion  to  having  the  outside  tightening  hoops;  while  in  7  other  cases  they  are 


■|e±S 


ir 


FIG.  2*33. — DETAIL  OF 
A  HOOP  TIOHTENEB 
FOB  A  TEOMHEL. 


82^. — ^ATTACHMENT  OF  TBOMMBL 
6CKEKN. 


to  the  tires  and  do  not  have  the  tightening  hoop?.  In  12  trommels 
?n  is  bolted  directly  to  the  T  ends,  and  nlso  has  the  tightening  hoops; 
ilc  in  5  others  it  is  bolted  to  the  T  ends  without  the  tightening  hoops;  and 
I  5  csLmh  the  tire  is  put  on  outside  the  screen  and  the  two  arc  riveted  together 
>  the  T  ends.     Six  trommels  in  one  mill  (Mill  27)  have  the  ends  of  the  spider 

r^  \  down  to  a  smaller  diameter,  making  little  shoulders  upon  which 

ires  rest,  and  the  screen  plates  arc  bolted  to  these  tires.     Another 
I  have  heavy  spider  arms,  to  which  the  screen  is  attached  by  large 
pir  ^d   screws,   which   enter  the   arras   radially.     Finally,    3   trommels 

irry  wrought  iron  frames  in  quadrants,  into  which  the  screen  plates  are  bolted, 
^      Mill  24»  No.  2  trommel  has  four  supporting  rods  running  lengthwise 
the  tire  of  the  iirst  spider  to  that  of  the  last      They  are  riveted  by  T 
*-  *!.>  ^n(j  i\^p^  midway  between  the  spokes  and  are  bolted  to  the  inter- 
5.     They  modify  screening  by  lifting  the  bank  of  ore  and  allowing 
wn.     They  also  add  something  to  the  stiffness  of  the  trommcL 
tirf>5  and  even  the  T  ends  boltt^d  direct  to  the  scte^n  ^Wl<i^  ^\^X\QiM^\ 
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they  seem  to  be  much  favored,  are,  in  the  opinion  of  the  author,  very  harmful 
in  several  ways.  They  cause  a  heaping  up  of  the  ore  just  above  the  tire, 
which  hinders  good  screening,  increases  wear  of  the  screen  plate,  increases  the 
constant  load  of  the  trommel  and  therefore  the  power  to  drive  it,  increases  the 
abrasion  of  the  particles  and  the  formation  of  slimes.  If  it  were  not  for  the 
clumsiness  of  the  method  by  gudgeon  and  friction  rollers,  its  ability  to  obviate 
the  above  difficulty  by  the  omission  of  spiders  and  inside  tires,  would  be  a 
strong  argument  for  its  adoption. 

In  Mill  84,  No.  1  trommel  has  holes  6X8  inches  in  the  last  foot  of  its  length, 
through  which  the  oversize  is  discharged  and  the  wear  on  the  last  spider  saved. 

For  large  trommels  Eraser  &  Chalmers  use  channel  irons  on  the  ends  of  the 
spider  arms.  These  channels  are  placed  parallel  to  the  shaft,  with  flangcB 
turned  inward,  and  with  perforations  for  the  arms  of  the  spiders.  They  are 
held  in  place  by  two  nuts,  one  outside  and  one  inside,  and  furnish  bases  to 
which  segments  of  screen  cloth  can  be  bolted  edge  to  edge. 

Screens  arc  generally  put  on  with  lap  joints,  except  in  the  case  of  very  thick 
plates,  and  then  butt  joints  are  used,  with  or  without  fish  plates.  In  Mill  40 
the  first  trommel  has  4  punched  steel  plates,  \  inch  thick,  2  lengthwise  and  2 
to  the  circumference.  They  are  put  on  with  butt  joints,  and  where  the  four 
corners  join  they  are  united  by  inside  and  outside  fish  plates,  16  inches  long,  3 
inches  wide  and  J  inch  thick,  each  fastened  by  eight  ^-inch  bolts.  The  ends 
are  also  attached  with  fish  plates.  The  spider  arms  have  T  ends,  which  are 
attached  to  the  screen  by  two  bolts  each.  For  screen  plates  that  are  sufficiently 
flexible,  one  segment  of  plate  is  used  to  the  circle. 

Wear  of  Screens — The  plates  of  many  trommels  are  regulated  according  to 
wear:  the  first  half  wears  out  faster  than  the  second  half,  and  a  party  worn 
second  half  may  be  put  with  a  new  first  half,  thus  getting  a  little  more  wear  out 
of  the  screen.  In  No.  3  trommel  of  Mill  27  the  plan  was  tried  of  having  a 
first  plate  41  inches  long,  followed  by  a  second  32  inches  long  with  the  idea 
that  when  the  first  plate  was  worn  out  at  its  receiving  end  it  could  be  trimmed 
and  used  as  a  second  plate,  but  the  first  plate  was  found  to  wear  at  its  receiv- 
ing end  by  the  blow  and  at  the  lower  end  by  interference  due  to  the  spider  and 
inside  tire,  and  so  the  scheme  was  abandoned. 

A  short  length  of  unperforated  plate,  called  a  "dead  plate,*'  is  frequently 
placed  at  the  upper  end  of  the  trommel  to  receive  the  excessive  wear  due  to  the 
fall  of  the  ore  into  the  trommel. 

To  patch  broken  screens.  Mill  22  uses  short,  diagonal  binders,  one  inside  and 
one  outside,  connected  by  bolts  at  the  ends. 

§  276.  Driving  Mechanism. — The  following  summary  from  Table  186  shows 
the  different  methods  of  driving  trommels,  and  the  number  of  instances  of  the 
different  methods  in  the  mills  visited:  29  trommels  are  driven  by  pulley  and 
belt  at  the  lower  end,  1  by  pulley  and  belt  at  the  upper  end,  29  by  beveled 
gears  at  the  lower  end,  12  by  gears  with  idler  from  the  trommel  below,  11  by 
gc^irs  with  idler  from  the  trommel  above,  17  by  chain  and  sprocket  at  the  lover 
end  from  a  counter  shaft,  2  by  chain  and  sprocket  at  the  upper  end  from  i 
counter  shaft,  4  by  chain  and  sprocket  from  the  trommel  below,  2  by  chain 
and  sprocket  from  the  trommel  above,  and  1  is  directly  connected  to  a  lo? 
washer  shaft.  This  list  shows  that  driving  with  beveled  gears  and  driving 
with  direct  pulley  are  about  equally  common.  The  use  of  beveled  gears 
has  the  advantage  of  belting  to  a  horizontal  shaft,  and  is  probably  cheaper 
in  the  end  than  the  complications  arising  from  sloping  counter  shafts  and 
direct  pulleys.  A  number  of  trommels,  also,  are  driven  by  sprocket  chains.  At 
Mill  27  half  of  all  the  stops  were  caused  by  the  sprocket  and  chain  drive  of  the 
trommelB  getting  out  of  order,  but  this  may  have  been  due  to  weak  chains  or 


^ppjckets.  At  a  niunber  of  cement  mills  in  Pennsylvania  the  gprocket  drive 
is  very  successfully  used  and  gives  no  Irouble. 

Three  trommels  in  a  row  may  be  driven  at  the  lower  end  of  the  middle  one, 
the  other  two  eunnected  to  it  by  gears  and  idler,  or  they  may  bo  driven  indi- 
vidually. Individual  trommels  are  a  little  more  independecit  and  therefore 
easier  to  repair  and  handle,  and  their  first  cost  is  about  the  same  as  where  the 
gears  and  idler  are  used.  This  arrangement  would  seem  to  be  preferable  to 
connecting  trommels  together. 

The  second  trommel  in  Mill  ^0  has  two  beveled  gears  on  the  driving  shafts, 
one  on  each  side  of  the  driven  gear,  and  either  of  these  can  be  thrown  into 
gear,  thus  enabling  the  mill  man  to  revolve  the  trommel  in  either  direction. 
This  device  sends  the  oversize  to  one  or  other  end  of  the  rolls  which  crush  it, 
distributing  the  wear. 

Rope  driving  docs  not  seem  to  have  found  its  way  into  the  mills  for  trom- 
mels, but  it  appears  to  have  peculiar  advantages  for  connecting  shafts  that  are 
irregularly  placed  with  reference  to  each  other,  and  for  the  rough  work  of 
milling.     Fig.  219  shows  an  application. 

Power.— No.  1  trommel  in  Mill  26  requires  1^  horse  power,  but  the  trommel 
has  a  heavy  half -inch  steel  screen  and  is  I>6  inches  long,  36  inclics  in  diameter, 
so  that  the  power  required  is  considerably  above  normal.  At  Przibram,  Bohemia, 
dynamometer  tests'^  showed  that  three  conical  trommels  31|  inches  in  diameter 
at  the  small  end,  39^  inches  at  the  large  end,  and  50  inches  long,  driven  inde- 
pendently by  spur  gears  from  a  single  shaft,  and  running  at  30  revolutions  a 
minute,  required  2,658  horse  power,  Frascr  &  Chalmers  estimate  power  as 
follows  for  trommels  30  inches  in  diameter  and  7S  inches  long:  1  horse  power 
for  a  single  trommel,  1|  horse  power  for  either  2  or  3  trommels,  2  horse  power 
for  either  4  or  5  trommels,  and  2 J  hor^e  power  for  6  trommels,  to  which  15% 
should  be  added  for  friction  of  shafts^  slip  of  belts,  etc.  This  shows  that  the 
power  is  not  contiidered  to  increase  proportionally  with  the  number  of  trommels. 
The  power  to  drive  30-  and  36-inch  trommels,  72  inches  long,  run  at  20  revolu- 

;)Ds  a  minute,  screening  150  tons  in  24  hours:,  is  computed  to  be  as  follows: 


Slope. 

ao-lneb  Tromm^t 

3«Hticii  TfomtQeL 

14 

Horse  Power. 

o.4se 
o.ao8 

Horse  Power, 
0.530            1 
0.SS8 
0,104 

fin  these  computations  it  is  assumed  that  the  trommels  weigh  550  and  700 
pounds,  and  have  shafts  2^  and  3  inches  in  diameter  respectively.  The  coeffi- 
cient of  journal  friction  is  taken  at  ^.  and  the  other  necessary  data  are  taken 
from  Tables  202,  203ffl,  and  205.  The  figures  given  include  the  power  necessary 
to  overcome  the  friction  of  the  journals  and  the  friction  of  the  ore  on  the  screen, 
but  not  the  friction  of  the  driving  gear.  The  friction  of  common  cast  gears, 
the  friction  of  the  bearings  due  to  thrust,  etc.,  would  probably  bring  the  figure*: 
for  the  gentlest  slope  up  to  that  found  at  Przibram  and  those  used  by  Fraser  & 
Chalmers. 

The  above  figures  show  that  the  increase  in  power  is  not  at  all  proportional  to 
the  increase  in  diameter:  a  36-inch  trommel  requires  but  slightly  more  power 
than  a  30-inch  trommel;  and  when  its  increased  capacity  is  considered,  it  will 
|ye  found  that  the  power  per  ton  of  ore  screened  is  less  in  a  36- inch  trommel 
than  in  a  3n-iiirli  trornmr  1 :  thnt  is  to  sny,  the  power  per  ttm  diminishes  as  the 
trommel  increases  in  diameter. 

I  277.  Feeding. — A  steady  feerl  of  ore  to  a  trommel  is  essential  to  good  work. 
If  the  trommel  is  overdriven  at  times,  it  will  surely  carry  into  the  oversize  a 
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larger  proportion  of  the  undersize  than  is  allowable.  The  TuUock  or  some 
similar  form  of  feeder  is  suitable,  or  the  trommel  may  be  fed  by  the  undersize 
of  a  previous  trommel,  or  by  any  steady  machine.  Mills  20,  27  and  28  use 
automatic  feeders  before  the  first  trommel.  The  last  has  one  also  for  re-ground 
middlings.  The  usual  practice  in  the  mills  appears  to  be  to  trust  to  the  breaker 
or  rolls  for  regulation. 

At  the  upper  end  of  the  trommel  there  is  commonly  a  receiving  or  feed  cone, 
which  projects  4  to  8  inches  beyond  the  upper  spider  so  that  the  feed  spout  can 
enter  without  interfering  with  the  spider.  On  account  of  the  gentle  slope  of 
the  trommel,  this  cone  is  inclined  15**  to  50®  to  the  axis,  to  prevent  the  possi- 
bility of  the  ore  being  thrown  out.  The  details  for  some  of  the  trommels  are 
given  in  Table  189. 


TABLE   189. — RECEIVINO   CONES   FOR 

TROMMELS. 

Mill  No. 

Length  of  Cone  on 

Small  and  Large 

IncUnaUonofSkleof 

the  Slope. 

Diameter  of  Coue. 

Cone  to  the  Axis. 

Inches. 

Inches. 

Drg.      Min. 

6 

85  and  42 

86          40 

16 

6.6 

29  and  81 

6          46 

89 

88  and  86 

84          80 

94 

7.8 

90  and  86 

96          40 

96 

88  and  86 

88          40 

96 

8.6 

94  and  86 

44           66 

«{ 

80Hand86 

28          90 

8lgand84X 

90          80 

86 

7.8 

28  and  86 

88          40 

87 

40  and  48 

46          40 

41 

88  and  86 

14          80 

Wash  Water  in  the  Trommel. — This  is  generally  fed  upon  the  outside  of 
the  up-coraing  side  of  the  trommel  by  a  spray  pipe.  In  Mill  88  the  water  comes 
from  an  oversowing  trough.  An  internal  spray  pipe  can  be  used  in  the  trom- 
mel shown  in  Fig.  220.  Sometimes  the  shaft  is  made  hollow  and  holes  boied 
in  it  give  a  spray  of  water  applied  inside.  The  object  of  the  water  is  to  hasten 
sifting  by  washing  the  fine  stuff  quickly  through  the  holes.  It  also  prevents 
blinding  up  of  the  holes  and  lays  the  dust.  Water  must  be  used  on  damp  or 
wet  ore.  If  the  ore  is  previously  dried,  screening  can  be  done  without  water, 
but  in  this  case  the  trommels  must  be  completely  housed  in  and  provided  with 
suction  from  a  fan,  to  avoid  the  otherwise  intolerable  dust  that  would  be  made. 
A  disadvantage  of  water  lies  in  the  fact  that  wet  or  even  moist  ore  wears  out 
screens  much  more  rapidly  than  dry  ore ;  it  also  dilutes  the  pulp  and  so  leads  to 
loss  in  slimes.  It  is  not  uncommon  to  omit  the  use  of  water  on  the  earlier, 
larger  trommels  (for  practice  see  Table  190).  In  7  mills  out  of  23,  dr\-  screen- 
ing precedes  wet ;  in  the  other  16  water  is  fed  to  the  first  trommel.  Among  the 
former,  water  is  nowhere  fed  to  a  screen  coarser  than  9.5  mm. ;  but  among  the 
latter  it  is  fed  to  screens  as  coarse  as  54  mm. 

table   190. — THE  USE  OF  WATER  IN  TROMMELS. 


Mill   Sizes  of  Holes  in  Trom- 
No.;    melsRunDry.    Mm. 

Sizes  of  Holes  in  Trom- 
mels Run  Wet    Mm. 

Mill 
No. 

Sizes  of  Holes  in  Trom- 
mels Run  Dry.    Mm. 

SizesofHolfstDlltjB- 
mels  Run  Wet  Mm. 

10 

None 

12.7 

12.4,4.7,8.8 

20,  10,  5,  2 

7,  5,  8.5,  2 

2.1,1.5,1.3 

5  mesh,  8  mesh,  10  mesh 

6.4,8.6,2.7,1.6 

4.6,3.5,1.9 

18,  «,  3 

7.6.8 

10,7,6,8 

None 

2G 

27 

28 
30 
81 
88 

31.8 

5.7.  8.6.2.1. 1.6.0.9 

15 

None 

None 

15,10 

3.« 

fl  mi^h 

None \ 

38.1,25.4, 15.9. 18.7, 10.J. 

16 
17 

None 

8.8.4.4,2.8.1 
40  25  16  IS.  8.5.3.5.1 

18 

None 

25,15,10,7.5,8,1.6 
18.  15  9  6.  4  t.5 

19 

None...  

2()  iNone 

21  iNone 

None 

None 

38.1,23.8.9.5.6,9.6 
54.88.1.15,8.6,4.6 
0.5,6.4,8.9 
11.1,  8  8 

22 
23 

None 

41 
43 
67 

8S 

lfi.9 

None 

None 

a 

None 

'J  mesh,  3  mesh,  4  mesh. . 
N( »ne 

6me8h.8mesh,]9iMih 
8iiMWh,6mMh.l0aflii 
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T  OR  CAPACITY  of  a  trommel  is  the  quantity  of  ore  that  it  can 

^.  y  in  a  given  time.     It  depends  upon  the  glope,  the  diameter, 

&d  uf  revolution,  and  the  length  of  the  trommel.    Table  191  shows  the 
dtities  handled  in  some  of  the  mills. 


TABLE    191. — DtrrrES    OP  TBOMMELS   IN   THE   MILLS. 


TciaM  Bcreooed 
per  S4  Hours. 


Sampter 


3Mto438 
9> 

40  to  GO 

175 

(a)  KO 

100 

(a)  90 

900 

(a)  100 

910 

(9)179 

la)  m 


Slope. 


Deg.  UtD. 
i     4& 


Diaoaeter. 


RevDtutions 
per  MJDU&e, 


SS 


Length. 


Diatnoter  of 
BoU» 


(a)  Plua  returns  from  rolU.    (&)  900  tOD8  could  aaailjr  be  icreeued. 


.stments  that  affect  capacity  are  discuBsed  in  §  292  and  §  293,  Chap- 
its  are  given  in  §  293,  ehowing  the  quality  of  screening  in  a  few  of 
nunels. 
owing  figures  show  approximately  the  quantities  of  ore  delivered  per 
the  No.  3  and  following  trrmitiiels  in  Mill  26,  the  ore  all  having  pre\i- 
aj^tcd  through  5,7-nim.  ^juare  hole^:  Over  3,6  mm.,  2,o00  pounds; 
I  mm.,  1,250-1,667  pounds;  over  L5  mm.,  1,000-1,250  pounds;  over  0,9 
133-1,000  pounds;  through  0.9  mm.,  2,750-1,917  pounds;  total,  8»333 
,  The  two  following  examples  are  taken  from  Linkenbach,*  the  material 
consisting  of  galena,  blende,  spathic  iron,  quartz,  graywacke  and  slate. 
[immela  are  all  conical.  In  the  first  set,  each  trommel  was  54  inches 
nd  the  small  and  large  diameters  respectively  3L5  inches  and  38  inches; 
make^  15  revolutions  a  minute.  The  ore  treated  had  already  passed 
JO-mm.  holes.     The  screen  plates  were  of  wrought  iron. 


DIuDelerotHoleB. 

Life  of  Plate. 

OveritM  per  Hour* 

Mm.            1 
SO 

ts 

Thrauffh  iCI 

450 

eoo 

4?0 
STO 
350 

m 

PoutKlii 

1,084 
1.468 

1,167 

106 

LOT! 

TotAl . , 

9.918 
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In  the  second  set^  each  trommel  makes  15  revolutions  a  minute.    The  size  of 
the  feed  is  not  stated. 


Small  Diam- 
eter. 

Large  Diam- 
eter. 

Length. 

Diameter  of 
Hole. 

Material  of 
Plate. 

Uf^  of  Plate. 

Orerriieper 
Hoar. 

Inches. 

81.6 
81.6 
81.6 

Inches. 
61 
88 
88 

Inches. 
77.0 
68.6 
68.6 
68.6 
68.6 

Mm. 
8 
6 
8 
9 
1 
Through  1  mm. 

Iron. 
Iioa. 
Iron. 
SteeL 
SteeL 

880 

ss 

KO 

Poonda 
8,717 

771 
8499 

Total 

11.481 

In  this  second  set,  the  finer  screens  are  worked  much  liarder  than  in  the  first 
The  two  following  examples  are  given  by  Blomeke.'^     The  first  is  a  series  of 
cylindrical  trommels,  the  second  a  series  of  conical,  concentric  trommels.    The 
material  bcreened  had  already  been  through  a  grizzly  with  60-mm.  spaces. 


Diameter. 

Length. 

Slope. 

Diameter  of 
Holes. 

O^ersiseper 
Hour. 

Inches. 

Inches. 

Degrees. 

Mm. 

Pounds. 

81 

79 

80 

1,080 

81 

69 

90 

486 

81 

60 

18 

486 

81 

69 

418 

91 

69 

809 

91 

69 

187 

91 

69 

198 

81 

69 

188 

81 

69 

0.6 
Through0.6nun 

68 
447 

Total   

8,746 

All  of  the  trommels  in  this  first  set  were  run  at  18  revolutions  a  minute. 
The  total  amount  of  water  used  for  the  set  was  375  liters  a  minute. 


Diameter. 


bmeroooe.. 
Outer  cone.. 


Total. 


Length. 


Inches. 


:} 


Diameter  of 
Holes. 


Mm. 

rao 

90 
18 

8 

6 

8 

9 

1 
Through  1  mm. 


Oversise  per 
Hour. 


Pounds. 
8,806 
1,658 

998 

771 

OGl 

880 

990 

441 

441 


8.816 


The  total  amount  of  water  used  for  this  second  set  was  400  liters  a  mimite. 

§  279.  Cost  of  Screening. — The  cost  of  screen  plate  or  cloth  per  ton  of  oie 
milled,  in  fractions  of  a  cent  is  given  in  Table  192.  The  ore  in  every  C88e  i« 
wet,  or  at  least  moist. 


SJZmQ  SVREEN8. 


TABLE    192. — ^COST    OF    TROMMEL    SCREENS. 


K 
■»- 

PLATE. 

Mill 
Na 

WIRE  cuyrn. 

Coat  uf  Scr*^Q  Platea  in  Fractlooa  of  &  Ccot 

Co»t  of  Soreen  Cloth  in  FrtictioQi  of  &  Ofit 

p*.T  Tan  of  Ore  Milled. 

per  Too  of  Ore  MilleJ, 

Indlrfdiul  Trororoeb- 

Wliote  MIIL 

IfldiflcluiJ  Trommelfl. 

Whole  Mill. 

0.920  to  0.S8I 

0.8SO  Co  0.384 

r 0.182  to  0.304 

O.IW 

0-073  to  0.101 

a 

' 

0.8TO  > 

o.ssd 

0.701 

SO 

i 

0.065  to  0J7fi 

^H 

o.oos 

,0.0«  to  0.170 

■ 

0.198 

t  0.101  toO.lWj 

■** 

0,897  (a> 

21 

4 

0.449  to  0.&(!1  V 
0.561  tg  0.701 

(ef)          1 
0.181  to  0,167 
0.118  to  0.147. 
O.UB  to  0.147^ 

um  to  1.388  (c) 

■ 

0.100 

H 

o.oai 

■ 

0.088  to  0.04S' 

m 

1 

o.08d  too.(M;i 

O.OtM  to  0.064 

O.SaO  to  0*270 

96 

0.6Q9  to  0,866  (e) 

o.(m  to  0.066 

O.UB  to  0.147 

0.038  too  013 

0.211  to  0.268 

0.303  to  0,»^1 

1 

0J47  too.  101 

m 

0.181  to0.1S7 
0.1G3  to  0.1^ 
0  196  to  0,213, 

0,888  to  0.974(6) 

(a)  iDcludc^s  the  coat  of  putting  *m.  (ft)  Coptwr  8ulpluit«  watur.  ic\  Probably  ocid  water,  (d)  FJrat  trom- 
mel tiot  won)  out.    (e)  Probably  lugh  freight  cu.trgu«. 

At  the  Lehigh  Zinc  &  Iron  Co/s  mill,  for  siziBg  frank] in ite  ore  dr}%  through 
J0-,  15-,  20-,  30-  and  50-mesh  cloth  screene,  the  cost  of  the  trommel  screens  from 
July,  1895,  to  JaDuary,  1896,  was  $303,93,  scrceDirig  Id  limt  time  6,982  tons 
of  ore,  making  the  expense  per  ton  4,35  cents.*  This  high  figure  is  probably 
chie  to  the  fact  that  very  fine  screens  are  used  and  a  nunil)er  of  them. 

At  Mill  2(r>,  No.  2  troraiuel,  5  feet  long,  30  inches  in  diameter,  with  2^\  inch 

>haft  and  with  3  spiders,  treating  100  tons  of  quartz  per  day,  wears  out  its  shaft 

anri  spiders  completely  in  one  year.     Estimating  the  cost  of  a  trommel  at  $85, 

screeniBg  100  tons  a  day  for  350  days,  the  cost  per  ton  would  be  0.243  cent- 

If  changing  screen  plates  takes  3  men  half  a  day,  at  $3  per  day,  it  would  cost 

$4.50,  and  if  the  screens  last  40  days  and  treat  100  tons  per  day»  the  cost  for 

this  would  be  0.113  cent  per  ton.     The  annual  labor  cost  for  putting  in  a  new 

trommel  would  be  about  the  some,  and  would   take  the  place  of  the  40-day 

chanjjc  on  that  occasion.     Suppose  screen  cloth  costs  $5.50  and  lasts  40  days, 

this  would  give  a  cost  of  0.1 'H  cent  per  ton.     Attendanee  might  be  ^,y  of  a 

nmn  at  $2.50  by  day  and  $2.5(1  by  night,  equal  to  0.5  cent  per  ton;  lubricating, 

0.02  cent  per  ton;  1  horse  power  at  13  cents  per  24  hour  day  would  be  0.13  cent 

per  ton  for  power.     Summing  up,  we  get  sorae  idea  of  w^hat  the  cost  of  screening 

by  a  trommel  might  be: 


h 


First  cost  of  trommol  — , OJ243  cent  per  tOD, 

The  labor  of  ehani^mg *».«..,..   ....,.^--04113     *'  ** 

The  screcjn  cloth. 0.131     "  " 

ThopoHer 0,1410     "  *' 

Lubrlcatioo 0.0«0     "  " 

AttetJtlaoce ..,. O.60O     " 

Total I.l37centa      " 


If  a  mill  has  a  number  of  trommels,  the  computation  should  be  made  for  each 
trommel  and  the  sum  of  their  eosl.^  will  be  the  total  screeoiDg  cost, 

g  280.  Cones,  Pyramids,  Prisms. — These  forms  have  met  but  little  favor  in 
*^his  country  (see  §271).  The  advantage  claimed  for  the  cones  and  pyramids 
*8  that  the"  horizontal  shaft  simplifies  the  mechanism,  allowing  of  direct  belt 

td  pulley  connection  with  the  shaft  of  the  trommel.     The  angle  of  the  cone 
pyramid  becomes  the  angle  of  the  slope  of  the  screen.     On  the  other  hand, 
th  cone  and  pyramid  have  tlie  disadvantage  that  they  require  special  shapes 


I 
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of  plates,  which  arc  more  expensive  to  make  and  jSt  than  the  simple  rectangular 
forms  used  upon  the  cylinders.  They  also  have  the  disadvantage  that  the 
greater  work  of  screening  is  put  upon  the  small  end  of  the  trommel  where 
the  screen  surface  is  smallest  and  therefore  least  able  to  sustain  the  wear,  and 
where  the  curvature  is  greatest,  making  the  bank  deeper  and  less  manage- 
able. They  have  the  further  disadvantage  that  the  whole  condition  of  screening 
is  changing  from  the  beginning  to  end  of  the  trommel:  if  the  revolution  be 
made  to  suit  either  the  small  or  large  end  the  other  end  will  be  working  at  a 
disadvantage,  because  the  centrifugal  force  increases  from  the  small  end  to  the 
large  end.  The  spiders,  and  the  methods  of  attaching  the  screens  to  them,  are 
the  same  as  in  the  cylinders,  except  that  the  length  of  the  arms  is  made  to  suit 
the  taper  of  the  cone. 

The  prisms  and  pyramids  are  made  octagonal,  hexagonal  or  square,  the  edges 
being  formed  by  permanent  frames  and  the  planes  being  filled  by  screen  cloth 
or  plate.  Mill  89  has  one  prism  and  Mill  90  has  one  pyramid.  It  would  seem 
that  whatever  advantage  is  gained  by  the  shock  which  the  ore  bank  gives  when 
it  strikes  a  plane,  in  hastening  sifting  and  in  unblinding  the  screen,  is  probably 
more  than  offset  by  the  extra  wear  which  the  first  half  of  the  plane  is  called 
upon  to  bear,  and  by  the  small  amount  of  screening  done  by  the  last  half  of 
the  plane. 

§  281.  Tandem  and  Concenthic  Trommels  have  screens  of  two  or  more 
sizes  on  the  same  shaft :  in  tandem  trommels  two  or  more  screens  form  one  con- 
tinuous, cylindrical  or  conical  surface;  in  concentric  trommels  two  or  more 
screens  are  placed  one  outside  of  the  other.  In  tandem  trommels  the  first  or 
upper  screen  is  always  the  finest  and  the  others  follow  in  order  of  size ;  in  con- 
centric trommels  the  inner  screen  is  always  the  coarsest  and  the  others  follow 
in  order  of  sizes.  The  object  of  both  of  these  devices  is  to  save  mill  fall  or 
height  and  to  gain  compactness  of  plant,  but  both  of  these  advantages  are 
obtained  at  the  expense  of  simplicity.  The  tandem  form  can  use  only  two 
screens,  or  at  most  three,  because  the  first  screen,  which  receives  the  most  wear, 
is  the  finest,  and  is  therefore  least  able  to  stand  rough  usage.  The  concentric 
trommel  becomes  greatly  complicated  if  a  number  of  screens  is  used;  and  the 
fine  screen,  which  is  apt  to  be  high  cost  cloth,  has  to  be  made  very  large  and 
is  therefore  very  expensive.  On  this  account  two  screens  appear  to  be  the 
maximum  number  of  concentric  screens  attempted  on  one  trommel. 

The  practice  in  regard  to  tandem  trommels  is  shown  in  Tables  186,  187  and 
188,  that  in  regard  to  concentric  trommels  in  Table  193.  Of  the  162  trommels 
in  Table  188,  22  have  tandem  screens.  Table  193  shows  2  trommels  (Mills  11 
and  13),  with  concentric  screens,  and  3  (Mills  4  and  31),  with  tandem  and 
concentric  combined. 

TABLE    193. — CONCENTRIC    TROMMELS. 


FiTtt  Part 

Second  Part. 

1 

i 

1 

^1 

it 

Hotea. 

H 

1 

i 

Hole, 

If 

3? 

Slope. 

11 

■zi  IS 

1^ 

3et«eaHa^«liL 

4 

1 

1 
1 

tuner 
Outer 
Iniier 
Oater 

Outer 

In. 
18 

In. 

40 
52 

hioch  ihobH'  >»«.*<  ..h  ^"^ 

la. 

m 

In, 

H-in,  mmh. 

IS 
90 
SI 

\ 

iC'ntOrfill * 

am. 

11 
18 

^').4  mm*, 

I  njin.  puucbed  hol«,,,,, 
12 . 7  mm.  Equaiv  hok*L  * .  * 

G. ;  tnra.  aquana  hole 

9  nam.....*' .,*.......... 

W' 

m 
m 

StedwirectoOj. 

m 

]    IflD^r 

as 

m 

30 

ISroni, 
15  mm. 

^      4  mm. 

49 

1 

1 

loner  j 
fatori 

32     33 

1  mm ,, ,,,./., 

\" 

[1iBclKilitBeipl>» 

SIZING  SCREENS. 

outer  screen  in  Mill  4  is  put  on  only  at  the  upper  end  of  the  trommeL^ 

r.t  Mill  31  are  put  on  only  at  the  lower  ends  of  the  trommels.     In  Mill 

♦^nd  of  the  inner  ecreeji  eotteuds  6  inches  beyond  the  outer  screen. 

^,    ,  ixE  Schmidt  Spiral  Screen  consists  of  a  continuous  wound-up 

of  dead  plates  and  of  wire  cloths,  having  a  definite  spac^c  between  suc- 

turiifi;  of  the  coil  (see  ¥\\r.  224).     The  plan  is  to  place  the  coarsest  cloth 

the  finest  outside,  and  the  other  sizes  in  series  between  the  two.     At  the 

Vt  each  size  of  cloth  is  pliict'd  a  crops  dam  at  a  slight  anglo,  which  forces 

^rfiize  to  report  at  one  side  of  the  screen  or  one  end  of  thi^  drum,  where 


/■ 


m>o^ 


;r 


/- 


PIO.   224. — SCHMIDT   SPIIIAL   SCREEN. 


10  placed  to  discharge  it,  each  discharge  being  a  little  more  than  one 
t)n  in  advance  of  the  preceding.  At  the  end  of  each  size  of  cloth,  just 
the  discharge  and  licfnre  the  next  size  begins,  is  a  short  dead  plate, 
little  dead  plates  are  put  in  the  series  to  prevent  the  undcrsizc  from  a 
aljovc  from  mixing  with  any  given  oversize  just  as  it  is  discharging.  The 
ages  claimed  for  the  spiral  screen,  in  addition  to  it.s  compactncKs,  are  thai 
less  water  and  power,  and  requires  less  fall  than  other  forms,  and  has  a 
►Btal  shaft  The  disdvantage  is  that  it  is  much  more  trouhlesome  to 
find  more  difficult  to  inspect. 

:enbach*  gives  the  following  example  of  a  spiral  eereen  with  sieves  GOO 
ide.  making  8  revohitions  a  minute,  screening  3,000  kilos  (6,612  pounds) 
"  hour,  using  J  horse  power  and  30  liters  of  water  per  minute.  The 
from  a  wash  trommel  through  a  23-mm.  hole; 


6iji«dfHol««L 

Peif  or»t«d  arw, 
3C0»each 

Dead  PUtes. 

Diameter  of 
BcroeoB. 

Mm. 

SqUL 

s^  M.      : 

Mm. 

15 

i.oa 

0.00 

1.0flO 

10 

S.IO 

o.ao 

IMi 

7 

2.a4 

0.26 

i^aso 

4.S 

«.B7 

o-a» 

1«B90 

8 

2  91 

0.88 

1,660 

9 

3  <  jM 

Q.m 

1.800 

IJ 

a  rx- 

0,00 

i;^ 

|MET»'«*n 


\u\H  found  some  favor  on  the  continent  ol  iiutoi^,  \ixi\,  \U  voX^'a- 
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duction  has  not  increased  as  rapidly  as  the  trommel.  At  Freiberg,  in  1883, 
there  were  3  spiral  screens  and  15  flat,  shaking  screens;  while  in  1893  there 
were  3  spiral  screens,  34  trommels,  and  3  flat  shaking  screens.'^ 

§  283.  Systems  of  Screeninq  by  Trommels. — The  system  which  meets  bj 
far  the  most  favor  in  this  country  consists  in  the  use  of  cylindrical  trommclB 
with  only  one  size  of  hole  to  each  trommel,  the  set  being  arranged  in  a  series 
beginning  with  the  coarsest  and  ending  with  the  finest  size.  This  is  the  bert 
system,  because  it  proportions  the  wear  to  the  ability  of  the  screens  to  withstand 
wear — the  coarsest  has  the  hardest  usage  and  the  finest  the  mildest.  It  also 
makes  a  more  perfect  separation  of  the  coarse  from  the  fine  ore,  and  veiy  much 
lessens  the  production  of  slimes.  Abroad,  the  series  has  sometimes  been  divided 
by  the  following  means:  The  ore  first  goes  to  a  screen  with  medium-sized  holes; 
the  oversize  of  this  to  a  series  of  coarse  screens,  the  undersize  to  a  series  of  fine 
screens.  This  system  saves  some  fall,  but  it  causes  excessive  wear  on  the  receiv- 
ing screen,  beside  complicating  the  arrangement.  The  different  systems  of 
arranging  trommels  may  be  classified  as  follows : 

{A)  Trommels  without  special  devices  to  diminish  fall.  A  single  size  of  hole 
for  each  trommel,  the  coarsest  first. 

(a)  The  straight  line  system,  in  which  one  trommel  follows  another, 
with  their  axes  generally  in  one  vertical  plane  (see  Fig.  218). 
(6)  The  side  by  side  system,  in  which  the  direction  of  the  ore's  moT^ 
ment  is  reversed  for  each  trommel  (see  Fig.  225).  This  sys- 
tem is  more  compact,  but  uses  a  little  more  height  and  is  not  as 
simple  as  the  preceding. 
(S)  Trommels  with  special  devices  for  minimum  fall. 

(i)  Beginning  with  finest  holes.     Two  or  three  different  sizes  of  holes  in 

a  single  cylinder  or  cone. 
{2)  Beginning  with  medium-sized  holes.     One  tronmiel,  with  say  O-mro. 
holes,  sends  oversize  to  a  second  trommel  with  two  or  three  sizes  of 
coarser  holes,  and  undersize  to  a  third  trommel  with  two  or  three 
sizes  of  finer  holes  (see  Fig.  226). 
(S)  Beginning  with  coarsest  holes. 

(a)  A  concentric  trommel  (either  cylinder  or  cone)  with  two  or  three 

screens. 
(6)  The  Neuerburg  system  uses  as  many  as  three  successive  conical 
trommels  on  one  horizontal  shaft,  with  little  sand  wheels  to  lift 
undersize  of  first  to  second,  and  of  second  to  third   (see  Fig. 
227). 
(c)  The  Heberli  system  uses  as  many  as  four  conical  trommels  on  a 
single  inclined  shaft,  the  ore  moving  from  the  large  to  the  small 
end  of  the  cone  (see  Fig.  228). 
{d)  The  Schmidt  spiral  screen  has  successive  sizes  in  a  continuous  spiral 
on  a  single  shaft. 
Comparing  trommels  in  straight  line  with  trommels  side  by  side :  the  former 
require  somewhat  less  fall;  the  latter  arrangement  is  more  compact,  bat  it  is 
less  accessible  for  inspection  and  repairs,  and  the  compactness  is  often  uncalled 
for.     The  loss  of  height  from  passing  through  the  trommel  is  much  less  with 
the  spiral  than  with  the  cylinder  or  ordinary  cone,  as  it  omits  the  conveying 
launders  with  their  necessary  grades.     The  Neuerburg  design  of  conical  trommel 
overcomes  this  loss  of  height  by  introducing  little  elevating  sand  wheels,  and 
also  simplifies  the  driving  mechanism  for  a  set  of  trommels ;  but  to  offset  these 
advantages,  it  seriously  complicates  inspection  and  the  replacing  of  worn  ont 
screen  plates. 
§28i.  Comparison  or  Teo^^iels  and  Riddles. — Owing  to  the  fact  that 
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i  of  tlic  surface  at  all  iimei?,  while  a  trommel  usee  only  a 
r  will  have  a  muefi  larger  capacity  th^iii  the  latter  if  the 
^p««  Hit?  ttUch  that  the  ore  hankfc>  are  kept  thin;  but  as  a  rule  they  require 
iter  dope.  In  regard  to  quality,  the  shaking  action  of  the  riddle  causes  it 
I  do  a  high  grade  of  screen ing,  provided  it  has  gufiicient  elope  to  have  a  thin 
hank;  but  the  long  path  of  the  particles  in  the  trommel,  if  the  slope  of  the 
Br  is  not  too  gentle,  brings  up  its  quality  to  nearly  that  of  the  riddle,  except 
the  finer  sizes.  In  regard  to  power,  the  autboritieii  agree  that  the  riddles 
take  more  than  the  trommels-  The  trommels  run  more  quietly  than  the  riddles, 
as  they  give  no  jar  or  shake.  In  regard  to  wear,  repairs,  and  frequency  of 
for  repairs,  the  authorities  hold  that  the  advantage  is  largely  with  the 
In  regard  to  slirne  making,  most  authorities  hold  that  the  wear  of 
ael  makes  less  slimes  than  the  shock  of  the  riddle.     In  regard  to  sim- 
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plkitv,  the  mounting  of  the  screen  is  simplest  in  the  riddle,  while  the  power 

s  are  g^impleet  in  the  trommel. 

^     .     ._,,,  up  the  practice  by  the  number  of  machineg  used:  107  positions,  in 

Hhe  nidi?  visited  by  the  author,  u^se  trommels,  and  3  use  riddle>^.     The  opinion 

^p  '  -     -^!  mill  men  appears  to  confirm  that  of  American,  for  we  find  that  in  the 

Vr  district,  from  1883  to  1893,  the  number  of  riddles  was  reduced  from 

^(iciru  to  three,  while  in  the  t^ame  period  the  number  of  trommel?  was  increased 

firom  none  to  thirty-four.'**     For  eoal  screening,  however,  riddles  are  consider- 

My  used,  and  do  exc»ellent  work.     They  are  also  considerably  used  in  leaching 

planta  and  other  places  where  the  entire  product  is  ground  very  fine. 

BiBUOOBAFHY  FOR  SlZINQ  SCREENS. 

Thia  will  be  found  at  the  end  oi  Chapter  X. 


CHAPTER  X. 

PRINCIPLES  OF  SCREEN  SIZING. 


Under  this  heading  will  be  discussed  the  various  considerations  that  affect 
the  number  of  sizes  into  which  an  ore  should  be  screened^  and  that  affect  the 
quality  of  the  sized  product. 

§  285.  Sieve  Scale. — The  list  of  successive  screen  sizes  used  in  any  mill, 
taken  in  order  from  coarsest  to  finest,  is  called  the  sieve  scale.  Rittinger  held 
that  in  such  a  set  the  diameter  of  the  holes  in  any  screen  must  bear  some  con- 
stant ratio  to  that  of  the  one  above  it,  thereby  making  the  sieve  scale  a  geo- 
metrical series.  He  adopted  1.414  (=^^2)  for  this  ratio;  and  his  sieve  scale 
starts  with  1-mm.  hole,  and  ranges  up  and  down  from  that  point.  It  is  given 
in  Table  194.  For  convenience  in  designating  different  classes  of  machines 
treating  different  sizes  of  ore,  he  divided  the  sizes  smaller  than  ^4  mm.  into 
five  classes:  lump  ore  (stufen),  64-16  mm.  (2|-f  inch);  coarse  jigging  ore 
(graupen),  16-4  mm.  (f-^inch);  fine  jigging  ore  (gries),  4-1  mm.  (A"^-^ 


TABLE    194. — RITTINGER's    SIEVE 

SCALE. 

Diametera. 

Areas,  if  Holes 
are  Squarr. 

Volumes,  if  Par- 
ticles are  Cubes. 

Diameters. 

Areas,  if  Holes 
are  Square. 

Volmnes^lfl^ 
deles  an  CnlMi. 

Mm. 

Sq.  Mm. 

4f,096 

Cu.  Mm. 

Mm. 

Sq.  Mm. 

Co.  Mm. 

64.0 

262,144 

2.8 

8 

88.6 

46.2 

2,048 

92,668 

2.0 

4 

8.0 

82.0 

1.024 

82,768 

1.4 

8 

8.8 

82.6 

512 

11,583 

1.0 

1 

1.0 

16.0 

256 

4,og6 

0.71 

0.6 

O.S 

11.8 

128 

1,448 

0.50 

0.26 

O.IS 

8.0 

64 

612 

0.85 

0.126 

0.M4 

6.7 

2)2 

181 

0.26 

0.068 

O.QII 

4.0 

16 

64 

TABLE  195. — SIEVE  SCALES  IN  AMERICAN  MILLS. 


MiU 
Number. 


10 
11 
13 
15 
16 
17 
18 
20 
21 
82 
23 
24 
86 
86 
27 

88 

89 

80 

81 

88 
88 
84 


Diameters  of  Holes,  in  Millimeters. 


12.7. 

25.4,  1.0. 

12.7,  6.4. 

12.4,  4.7,  2.8. 

20.0,  10.0.  5.0,  2.0. 

15.0, 10.0,  7.0,  6.0,  8.6,  8.0. 

8.6,  2.1,  1.5, 1.8. 

6.4,  3.6,  2.7,  1.6. 

4.6.  8.5,  1.2. 
12.0,  6.0.  3.0. 
7.0.5.0,3.0. 
10.0,  7.0,  5.0,  3.0. 
6.0. 

5.7,  8.6.  2.1,  1.6,  0.9. 

38  1,  26.4, 15.9, 12.7.  10.8,  8.8.  4.4,  8.8, 2.0. 
S  40.0,  26.0, 16.0, 12.0,  8.0,  6.0,  8.5,  8.0. 
1  3.5,  2.0. 

8.0,  6.0,  4.0,  3.0,  2.5. 
)  25.0,  15.0,  10.0,  7.0.  6.0,  8.0. 
I  5.0,  2.5. 

18.0, 16.0,  9.0,  6.0,  4.0. 

8.6. 

18.0,  aO,  6.0,  8.0. 
1  5.0,  8.0. 
12.7,  7.9,  5.1,  8.8. 
\  16.0, 18.0, 11.0,  9.0.  7.0,  5.0,  8.0. 
■»  3.0. 


Mill 
Number. 


86 
86 
87 


40 
41 


48 

84 
88 


(a)  89 

(a)  92 
98 


Diameters  of  Holes,  in 


j  16.0,  9.0, 6.0, 8.a 
]2.6. 

12.7,  7.9,  6.1,  8.8u 
(86.4, 18.7,  9.0.  6.0.  8.a 
1 8.6, 1.6. 

(88.1,  88.8,  9.6,  5.0,  SiL 
<8.6. 

188.8,9.6,5.0. 
610, 8&1, 15.0.  &6,4JL 
'20.0,  7.0,  4.6,  8.a 

8.0. 

l&9,9.6,a.4,8JL 

8.8. 

r6.4. 

18.7,  5.4. 
5.4. 
,8.6. 
S  11.1. 
1 8.0,  s.a 
86.4. 

9.0,  5.6, 8.0.  lJ6b 
(26.4. 
)8.1. 

5  <  2.8, 15. 0.81,  an,  on^  9M 

5.0,  8.6,  8La 


(a)  Tbeae  are  magneUc  conceutraxinf;  milla^  and  the  screening  li  doiM  oo  dritd  ova 


r«rJ*. 


IT  ^Aurora 

L 14  Hoin** 


LMAiui^toni  of  Holetk  Iti  Millimi'tt^rH. 

18- W,  ao,  6.0,  3,0,  2.0,  1,0,  0,5. 
I  Wti).  18.3,  lO.O,  7.5,  5,6,  4,*,  3.fl,  1,6 
1.0. 
C.4,  B.ft,  4,2,  2.6,  1,6,  1.0. 
2A  1.0. 
[iAX  l.O,  0.5.0.35. 

-fi*i  ^  :i2<i  17.7,  13.3,  10.0,  7.5,  S.fl, 
'4.U,  1.0. 

100.  6.4,  4.8,  8.6»  1.0, 
i'.-^(»   6.0,  8.0,  X.O. 

i>.  a.5. 
,  - :.,  1.*^,  1,0. 

^&,tjU,  1.4,  1.0. 

a.0, 1%  1.3,  i.o. 

S  60.0,  90.0, 12.0,  9,0,  7.0,  5  5.  4.0,  3.0, 
)    »,0,1,0, 


Mill 

Vaucron  (f ).....,.. 
Friediichasegeiit  f) 

Etmif) 

LaureaburE^  </>,.. 

WeiiaC/) ,.... 

Mecberoioli  </).... 

Hlmmelffthrt  Uill, 
Frui berg  (y )...... 

Bleybcsrg  (o> 


(85.0,4.0.  2.9,  2.0,  1.4,  1.0. 

15.5,  4.0.2.8.2.0,  1.4,  1.0. 

I  60.0,  35.0,  30  0,  20.0,  1«L0,  8.0,  6.0, 

S.0,  SO,  l.U. 
1 2t).0,  18.0,  10.0, 5.00,3*0, 1,5. 
[6.0,4,0,8.0,2.0,1.0. 
■  i\   '2  ' 

■    M). 


4  0=  3.75,  ZOy  1.5. 

10.0,6.0,8,0,1.5. 


(  ■ 
I  60.0. 

{ 16.0,  12.0,  0.0,  7.0,  5.5,  4.0,  3,0.  8.0. 

i  35.0.  S8.0,  fi5  0,  ffi.0,  a0.O.  18.0,  15.0, 
i  18.0.  to  0,  aO,  7.0,  6  0,  5.0,  40, 
I     8.0,  S.O. 


Im,   /lut  ifm    £rt£|.,  Vol.  XXIV,  (l^MK  p.  0S7.    ib)  BcrcL  u.  hiittenweMen  da  OberharM^,  ii^lutUmFU 
jttft  «ii4i  foiJowiup.     (c)j4i».  />»*!    Jlfin,  SHg.VQl  XXIV.,  (1h<Mj,  p.  49!j.     (d)  Berg.  u.  flii(*   ^<fir. 
flODCK  P  167.    («i  Bu/t.   i»x\  /fui.  ifin.,  SeHeit  111.,  Vol.  VIII.,  (1891).  p.  f>27.    (f)  Ann.  des  Minta, 
•  V^  XX.,  (lUOl),  p.  101  aad  foUoMriag.    {g>  titrg.  u.  Hutt  Ztit,  Vol.  L..  (1891),  p.  229. 


J  coaroe  table  ore  (mfi/ti)^  1-0.25  mm,  (0.04-0,01  inch) ;  and  fine  table 
iaub)y  finer  than  0/35  mm, 

\  iievL*  BcaieB  found  by  the  author  in  the  mills  are  given  in  Table  195, 
kk  but  one  mill  (tt)  that  has  a  constant  ratio  or  geometrical  series. 
Kb  several  others  (16,  17,  33  and  3G)  that  approximate  to  geometrical 
Hpills  23  and  34  have  ariilimetieal  series.  The  practice  In  regard  to 
PBe  in  some  of  the  European  mills  has  been  collected  from  the  literature 
\  given  in  Table  196,  for  comparison.     Of  these  mills,  Lautenthal  has  one 

screens  with  a  conetant  ratio  of  2.  Vaucron,  if  we  omit  the  2,5-mm. 
1^  has  two  seti?  with  the  ratio  of  1*41,  At  Clausthal,  in  a  set  of  eleven 
.£  the  ratio  of  L33  occurs  five  times  in  succession.  In  the  other  mUls 
itios  are  irregular.  It  will  be  geen  therefore,  that  neither  in  America  nop 
rope  do  constant  ratios  find  favor  as  a  rule. 

^h  or  Multiple  Ratio? — There  arc  many  reasons  why  a  single  ratio  run- 
(hrough  the  whole  sieve  scale  may  not  be  advisable.  The  scale  may  be 
^^  having  an  upper  portion  with  one  ratio,  a  lower  with  another,  Prac- 
f,  the  sieve  scale  is  developed  by  the  exigencies  of  the  mill,  the  ratio 
led  or  decreased  between  any  two  screens  where  the  particular  work  seems 
hiand  it.  This  change  can  Ix;  easily  made  when  a  screen  wears  out  and 
pged.     The  ratio  to  be  adopted  depends  mainly  upon  the  specific  gravities 

grains — in  a  general  way  the  greater  the  difFerence  in  specific  gravity  be- 
the  values  and  the  waste  the  greater  may  be  the  ratio  between  the  diame- 

Kles  in  succcpsive  screens.     This  is  true  because  the  ease  of  the  subee- 
oration    increases  with   the  diflerence   in   specific  gravity.       Certain 
riderations,  however,  modify  the  ratio,  as  follows: 
The  difficulty  of  the  subsequent  separation  increases  with  the  difference 
sizes  of  grains  treated  together,  that  is  to  say,  with  an  increased  ratio. 
product  which  cunsi.^ts  mainly  of  cubes  or  compact  forms,  can  have  a 
to  than  one  which  has  a  large  per  rent,  of  flat  scales  and  elongated 
^iced  %vith  compact  forms,     (c)   If  the  minerals  are  near  each  other 
lmA*'  gravity  or  if  tin*  ore  breaki^  so  as  to  give-  a  considerable  proportion - 
^uded  grains,  with  intermediate  specific  gravity,  then  close  sizing   (that 
Uiall  ratio)  will  generally  give  cleaner  products  on  the  jigs  following; 
f  th<^  minerals  are  in  a  coarsely  crystallij^ed  condition,  tending  to  make 
the  way  of  included  pro  ins.  a  larger  ratio  may  be  used  than  if  the 
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crystals  are  iSnc.     (d)  Where  such  a  large  quantity  of  material  comes  on  to 
any  screen  as  to  require  an  increase  of  the  number  of  screens  treating  that  size, 
and  more  than  one  concentrating  machine  to  treat  the  product,  it  may  be  better 
to  diminish  the  ratio,  using  two  successive  screens  with  different  sizes  of  holes, 
rather  than  to  use  two  screens  side  by  side  with  the  same  size  of  hole.    The 
advantage  of  a  closer  sizing  will  thus  be  obtained.    There  may  also  be  cases 
wlire  it  will  be  perfectly  safe  to  increase  the  ratio  in  order  to  get  the  desired 
quantity  of  ore  for  some  following  machine.    The  arithmetical  series  in  Mill 
34  was  found  to  send  too  much  material  to  some  of  the  jigs,  and  too  little  to 
others;  the  ratio  was  therefore  changed  two  or  three  times  to  correct  this  diflB- 
culty,  but  the  author  does  not  know  what  scale  was  finally  adopted.*    (e) 
The  increase  in  slimes  and  mineral  loss,  due  to  too  much  screening,  may  be 
more  harmful  than  the  imperfect  work  due  to  too  large  a  ratio.    This  would 
point  to  the  use  of  a  large  ratio.    Mill  27  has  been  troubled  by  the  sliming 
due  to  the  large  number  of  screens  used,  and  the  superintendent  expects  to 
make  a  large  saving  by  reducing  the  number  of  screen-sized  products  from 
eight  to  three  or  five.     (/)  The  portion  of  the  sieve  scale  devoted  to  hand 
picking  generally  has  a  large  ratio;  but  it  is  not  well  to  have  this  ratio  too 
large,  for  the  eye  and  mind  cannot  deal  as  well  with  1-inch  pieces  and  3-inch 
pieces  together  as  with  either  taken  separately,     (g)  If  the  ore  is  so  friable 
and  tender  as  to  require  careful,  graded  crushing,  the  upper  part  of  the  sieve 
scale  will  need  a  smaller  ratio  than  if  such  graded  crushing  is  not  necessaiy. 
(A)  The  tailings  from  the  coarse  jigs  may  be  so  rich  that  it  is  necessaiy  to 
re-crush  and  re-wash  them,  in  which  case  the  ratio  of  sizes  fed  to  these  coarse 
jigs  may  be  large,  because  the  quality  of  the  tailings  does  not  require  dose 
attention;  while,  on  the  other  hand,  the  tailings  from  the  fine  jigs,  being  waste, 
will  require  closer  attention,  and  therefore  a  smaller  ratio  may  be  advisable. 

To  sum  up  the  matter,  it  seems  clear  that  there  are  four  regions  of  the  sieve 
scale,  each  one  of  which,  from  considerations  of  its  own,  may  need  a  greater  or 
less  ratio  between  its  screens.  They  are:  (1)  The  hand  picking  region;  (t) 
The  graded  crushing  region;  (3)  The  coarse  jigging  region;  (4)  The  fine 
jigging  region.  The  second  may  cover  the  same  ground  as  a  part  or  the  whole 
of  the  first  and  third  regions. 

§  286.  The  Limits  of  the  Sieve  Scale. — The  size  of  hole  used  in  the 
coarsest  trommel  will  be  determined  by  considerations  of  graded  crushing  and 
of  hand  picking.    The  size  of  hole  in  the  finest  trommel,  down  to  which  screen- 
ing shall  take  place,  and  beyond  which  the  preliminai^  separation  shall  be     ; 
made  by  hydraulic  classifier,  will  be  decided  by  three  main  considerations:  (1) 
The  hydraulic  classifier  can  be  run  much  more  cheaply  than  the  last  one  or 
two  trommels;  (2)  On  the  other  hand,  the  tailings  of  the  jigs  treating  classi- 
fier products  are  much  richer  than  those  of  jigs  treating  sized  products;  (3) 
The  finer  the  screening  is  carried  (that  is,  the  later  the  hydraulic  classifica- 
tion begins)   the  denser  will  be  the  fine  pulp  sent  to  slime  tables,  because 
there  will  be  fewer  hydraulic  classifiers,  which  are  great  diluters  of  the  pulp- 
This  is  a  distinct  advantage  for  slime  table  work.     The  first  of  these  considers- 
tions  is  an  argument  against  fine  screening,  but  the  other  two  favor  it.    Bad 
mill  manager  must  decide  whether  fine  screening  or  coarse  classification  is 
better  for  his  particular  case.     In  this  connection,  it  is  debatable  whether  the 
more  common  European  limit  of  1-  to  1.5-mm.  holes  for  the  finest  screen  is  not 
better  than  the  more  common  American  limit  of  2  to  3  mm. 

The  following  figures  show  the  coarsest  and  finest  holes  used  in  the  Americis 

^  It  ahould  be  noted  that  the  proportion  of  ore  passing  throuKh  tlie  holes  of  a  given  ecreen  will 
the  holPt  are  enlarged  by  wear.   This  is  iUustrated  by  some  of  the  tests  from  Mffl  K,  gWen  In  |  M 
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lilk:  Of  108  punchcrl  plate  screens,  llie  coarsest  has  40-irim.  holes,  the  fintiist, 
_  Jib  mm. ;  of  4  east-iroo  screens,  the  coarsest  has  54-mm.  holet,  the  tinest, 
thA  mm. ;  of  43  wire  cloth  screen^s,  tho  coarsest  steel  screen  has  25.4'mm,  holes, 
the  finest,  0.5  mm,,  and  the  coarsest  brass  cloth  screen  has  6.4-miii  holes,  the 
finest,  0,25  mm.  In  Mill  21  a  24'mefih  trommel  has  been  discarded,  leaving 
l*t  mm,  (13-mesh)  as  the  finest  screen.  In  Mill  18,  where  the  finest  screen 
baa  1.3-mm.  holes,  two  smaller  sizes  were  tried  and  discarded.  Linkenbach 
i^ecommends  1-6  mm.  as  the  limit  of  fine  screening,  everything  finer  being 
ioii  to  hydraulic  classifiers.  Heberle  practically  coincides  in  this  judgment, 
holding  1.4  mm.  to  be  the  limit  of  satisfactory  screening.^ 

g287.  Shape  and  Arrangement  of  Holes. — The  practice  is  almost  nni- 
?mal  in  this  country  to  use  round  holes  in  punched  pkle,  and  approximately 
holes  in  wire  cloth  screens.    The  round  holes  of  plate  screens  have  th<j 
Itage  that  they  give  the  most  even  product*  the  square  holes  of  cloth  and 
^  boles  of  plate  or  cloth  allow  greater  variation  in  the  section  of  the  maxi- 
mun  grain.     Cloth  screens  give  a  greater  percentage  of  opening  and,  therefore, 
^  capacity  than  punched  plate.     Thomas  A.  Edison  points  out  that  the  tra- 
ary  of  a  moving  particle  requires  a  hole  to  be  lengthened  in  the  direction 
the  path  of  the  particle  in  order  that  the  grain  of  maximum  size  may  pass 
91^^  the  hole.     Holes  in  rows  making  60*"  with  each  other  (^'staggered**) 
&  greater  area  of  discharge  than  those  with  90^   (see  Figs.  119  and  120). 
II  01  the  punched  plate  screens  recorded  by  the  author  are  laid  out  on  the 
y  plan* 

1888-  The  Percentage  of  Opening  is  the  ratio  of  the  net  area  of  the 
to  the  whole  area  of  the  screening  surface.  It  depends  upon  the  arrange- 
lent  of  the  holes  and  the  amount  of  space  left  between  them.  It  is  obvious 
that  the  greater  the  percentage  of  opening,  the  more  rapid  and  the  more  perfect 
will  be  the  screening.  The  practical  limit  is  reached  when  the  strength  of  the 
screen  is  too  much  reduced.  The  thicker  metal  used  for  coarse  screens  allows 
a  larger  percentage  of  opening  to  be  used  than  in  fine  screens  (see  Tables  197, 
"  18  and  199).  The  percentage  of  opening  for  round  holes  with  different  arrange- 
its  and  spaces  is  as  follows;  If  the  space  equals  half  the  diameter  of  the 
sihe  percentage  of  opening  is  40.3%'  with  the  60°  arrangement,  and  34.9% 
|the  90**  arrangement ;  but  if  the  space  equals  the  diameter  of  the  hole  the 
stages  of  opening  are  respectively  22.6%  and  19.6%.  Harrington  & 
fe  standard  list  of  plate  screens  with  round  punched  holes  is  given  in  Table 
[which  dhows  also  the  space  between  the  holes  and  the  net  percentage  of 


ILE  197. — 8I2B8  OF  HOUND  PDNCHED  HOLES  IN  PLATE  SCREENS,  AS  MADE  BY 

HARRINGTON    *   KING. 


■  liHMlWOf 

FieroeDtiig«  of 

Diameter  of 

Spaces  between 

Perceotafee  of 

■     Bote 

Holoe.  (a) 

Op«&iDg, 

Holes. 

^5e».(o) 

Optmian. 

■          HA 

Mm. 

t 

Mm. 

Mm, 

i 

■ 

1.88 

n 

18.6 

6.56 

■          t.S 

\M 

13 

16 

7,98 

99 

I 

1,87 

16 

90 

9.69 

90 

■          t.d 

%M 

IT 

95 

18,10 

98 

1 

a.as 

18 

80 

fllO 

97 

^^  4 

985 

84 

40 

18,99 

48 

^B  s 

S.M 

M 

^H  i 

a.fls 

M 

iDcbM. 

iDCbM. 

^H  t 

4-n 

M 

1.75 

0.585 

88 

^H  TJ 

5ar» 

» 

8.00 

0.085 

85 

^H  • 

4  70 

IM 

8.96 

0.760 

94 

^H  i 

0S9 

19 

9.50 

0.750 

96 

^Hi 

5.20 

U 

9.75 

0.750 

BT 

4.S0 

m 

9.00 

0.750 

99 

■^^ 

(a>  rUa  holm  ap»  arraiMr-xi  In  aquilatcrat  trlaaglet  in  all 
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The  following  is  a  partial  list  of  Harrington  ft  King's  elongated  punched 
holes: 


DimeDBions  of 

Holes. 

Space  between 

Inches. 
6x3 

Inches. 

In  this  list^  the  sizes  between  the  first  and  second^  and  those  between  the  seoond 
and  thirds  are  graded  from  one  to  the  other.  These  holes  are  arranged  in 
either  of  three  different  ways.  The  dimensions  L.,  W.  and  S.,  indicated  in 
Pig.  229,  are  the  length,  width  and  space  in  the  above  list 


X 


X 


) 


FIG.    229. — ELONGATED    PUNCHED    SCREEN    HOLES. 

Table  198  is  a  partial  list  of  the  double  crimped  wire  screens  carried  in  stock 
by  the  W.  S.  Tyler  Co.     This  table  illustrates  the  disadvantage  of  designating 

TABLE  198. — TYLER  DOUBLE  CRIMPED  WIRE  SCREENS.* 


4 

Iron  or  Httiet. 

Copper  or  Br&a^ 

Diftmeter  of 
Wim. 

Uangm  in  Width  of  Holes. 

Ranges 

of  Open- 
lop. 

Riia|?««  in 

Diftmeter  of 

Wire. 

RiuigeB  la  Width  of 
HoteL 

ofOpia- 

LncHRfi . 

1 .0-0.375 

1.0-0.E5O 

1.0-0.192 

O.T^^J.lffiT 

0.44^.190 

O.I9M>.09a 

O.B44-0.071 

0.19S-0.047 

0.1SS-0.03B 

O.ia0"O.O@S 

o.oeo-0  oio 

O.Ofla-0.017 
0.O47-0.015 
y.  041 -0.014 
O.(S!^O,0O95 
0. 035-0.  tJOO 
O.Otd-0.0O9 
0. 010-0. OOfl 
0.00125-0.007 

tDCbea. 
4 
S 
S 

1            1 

0.5 

0.25 
O.TSfl-O  02fl 
0.306-0,45.1 
04Wt-(J.298 
0.130-0,282 
0. 087-0. 147 
0  Wia-0.106 
0.O53-0.086 
0. 012-0. »® 
0.031^.053 
0.025-0. 041 
0.017^.024 
0. 010-0.  oia 

o.ooae-o.0055 

Mm. 
101.0 
78,11 
50.« 
£5.4 

ia.7 
6.a5 

10.B-B3.6 
10  6-14.5 
6.0a-7.57 
S.SO^.M 
S.21^.73 
I.5T'-S.74 
1.86-2.16 
1.07-1.75 
0.77-1  a& 
0.64-1 .04 

0.44-o.oa 

0.aH),30 
O.iaS-0.140 

56^ 
44-^ 
^74 
38-66 
32-53 
57^ 
38^ 

«7-79 
27-7!J 
95-75 
88-7a 

SJ^72 
26^ 
S6-5i 

17-ltt 

Inobei. 

Ischai. 

Mm. 

10 

12 

l» 
30 
60 
80 

100 

0.l6S^,O47 
0.1S5-0.035 
0.130-0,033 

o.oao-o.o-js 

0.063^.030 
0.064  O.Olfl 
0,047-0.617 
0,1305-0,0135 

o.oftsuo.ooas 

0.017-0. 008 
0.011^.000 

0.0045 

0.8M^.4S» 
0. 108-0. «e 
0.130-0.fl8 
O.0H7  0.144 
0.062^.105 

o.04w>,oei 

0.<ja75-0.O4S 

o.oas^.<M05 

0,0168-0.0853 

O.OOB-0,01t 

0.0009$ 

Q.OGfiA 

8.6-11.5 
5.0^7.57 

».a&-s.£i 

2.«i-a.fli 

1.S7I.67 

1.17^.ffi 
0,01-1.68 
0.70-1 .»! 
0.^1. a 
0.41^.64 
0.2a^.» 
0.150 
0.140 

8 

^  For  ths  l-meeh  screens  there  are  18  sizes  of  holes  between  the  limits  indieated  in  the  table.  IMHf^ 
cfdcreojes  tor  the  finer  screens,  until  tor  80  mesh  there  are  but  twoalaesofholetforitoalaod  bntoosfortn* 
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i^  by  Ihi^  mimbcr  of  meshes  per  linear  incli.     With  the  actual  cnminervifil 
an  8-mt*t^h  screen  may  havr  hoIr8  2A%  wider  th>in  a  (i-mesh,  on  account  of 
"cnt  gi2C8  of  wire  need,  although  if  the  proportional  sizee  of  wirt*  art*  used 
hmeeh  bokf  is  25%  wider  Ihan  tlie  8  mcHh. 

ie  practice  in  the  rnilb  is  given  in  Table  199,  which  is  summarized  from 
^  188.     The  instances  of  very  low  percentages  of  opening  may  be  either 
Iractice  or  they  may  be  caused  by  some  local  difficulty  to  be  overcome,  such 
ry  hard  cutting  rock  or  very  acid  water.     In  general  this  table  Bustaina , 
laim  that  wire  cloth  ecreene  have  a  greater  percentage    of  opening  than  ^ 
>ed  plate. 

89,  The  Thickness  of  the  Plate  ok  Wire. — la  deciding  this  there 
I  M  considerations:  (1)  The  maintenance  of  the  diarneter  of  the  hole. 

\i  iiient  of  the  hole  per  ton  of  ore  screened  will  be  the  same  whether 

ictai  in.  thick  or  thin,  but  the  thinner  metal  will  be  discarded  sooner,  and; 
I  the  change  in  diameter  of  hole  will  tn?  less  than  with  the  thicker  metal; 
The  life  will  increase  with  the  thickness  of  the  metal  up  to  the  limit  of  en- 
ment  of  hole  that  can  be  permitted;  (3)  The  running  cost  consists  of  the 
!0Bt  and  the  cost  of  changing  screens,  and  is  modified  by  the  life  of  the 
These  two  costs  have  opposite  effects:  the  thick  screen  costs  more  at 
is  changed  less  often;  the  thin  costs  less,  but  is  changed  more  often; 
f  hlindinfj  of  the  holt'.  There  can  be  no  doubt  that  blinding  of  the  hole 
apt  to  take  place  in  a  thick  than  in  a  thin  screen ;  and  further,  when 


199* — ^VAEIATIONS     IK     THE     PERCENTAGE     OP     OPENINQ     IN     THE     MILL 

SCREENS. 


■ 

Rouod  Holes  in 
Punched  Plate. 

Sqti&r«  Holes  in 
Wire  Cloth. 

or  Holet. 

Round  Holes  in 
Pundied  Plate. 

Square  Holes  In 
Wire  CJoth. 

r 

Piaroenuice  of 
Opoofaie. 

P^foenUiceo* 
OpentojT. 

33 

Mm. 

8.» 

8.5 
ft,0 
0,B 

10-» 
11.1 

no 
12. r 

16. t> 
15,9 
10.0 
lOJ 

26.4 

31. a 
as.i 

40,0 
54.0 

P*jroeatage  of 
Sft-SS 

m 

32-39 
30-44-44 
47 
44 

40 

aa-41-41 

3fi-47-47 

8 

30-44 

44-44 

39-44 

11-40 

as 

45-50-fiO^ 

48 

60 

Percenta#re  of 
Opaning. 

p 

^^M 

f 

1  •**»*«■■ *>»**l>.a«i 

14^S5-85 

» 

,a 

'i? -^ 

^'***i7" 

«••-»"<.-•..•. 

40 

19 

45 """ 

ii 

a8-8» 

are  of  a  punched  hole  is  worn  to  a  rounded  shape,  this  effect  will  be  iu- 
id.  Cloth  screens  blind  up  more  easily  than  plate;  (5)  21ie  percentage  of 
ng.  In  punched  plate  screens  with  large  lioles  the  percentnge  of  opening 
>c  made  large  by  using  thicker  plate  and  leaving  smaller  spaces  between 
ib'!<,  which  will  maintain  the  necessary  strength  in  the  parting  bars.  In 
i£  with  small  holes,  other  conditions  exist  which  have  precisely  the  oppo- 
'*  namely,  the  plate  is  apt  to  be  as  thick  as  the  hole  is  wide»  and  aDy  i 
thicken  the  plate  further  will  necessitate  placing  the  holes  farther 
Avnid  tearing  the  plate  in  punching,  and  this  would  decrease  the  ^r- 
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centage  of  opening.     With  cloth  screens  increased  percentage  of  opening  re- 
quires thinner  wire,  whatever  the  net  size  of  hole. 

Table  200,  which  is  a  summary  of  Table  187,  shows  the  variations  in  thick- 
ness of  metal  for  different  sized  holes,  as  found  in  the  mills.  Tables  198  and 
201  show  manufacturers'  figures.  An  inspection  of  these  tables  shows  that  with 
plate  the  metal  for  fine  screens  is  about  one-half  to  three-fourths  as  thick  as  the 
diameter  of  tlie  holes,  and  for  coarse^  .screens  about  one-fourth  to  one-third  as 
thick ;  with  cloth  the  metal  has  to  be  somewhat  thicker  than  with  plate,  especially 
for  fine  screens. 

TABLE  200. — RELATION  OP  THICKNESS  OF  PLATES  AND  WIRES  TO  DIAMETERS  OP 
HOLES   AS   FOUND   IN   THE    MILLS. 


Diameter 
of  Hole. 

Thickness  of  Plate. 

Diameter  of 
Wire. 

Diameter 
of  Hole. 

Thicknees  of  Plate. 

Diameter  of 
Wire. 

Mm. 
0.9 

Mm. 

Mm. 
0.9 
0.9 

Mm. 

7.0 

8.0 

8.8 

8.5 

9.0 

9.5 

10.0 

10.3 

11.1 

12.0 

12.4 

12.7 

15.0 

16.9 

16.0 

20.0 

22.2 

26.0 

25.4 

31.8 

38.1 

40.0 

Mm. 
8.1-8.4-l.8-«.8 
4.2 

S.4-3.4 
5.8 

4.8-4.8-4.8 
5.6-5.6 

8.8-8.&-S.8-8.8-4.4 
4.8 
4.8 

4.8-4.6 
4.8 

4.8-4.8-4.4 
S.4-7.&^.0 
6.4-6.4 
4.6-4.6-6.6 
8.4-18.7 
8.0-8.0 
5.8-9.5 
6.4-6.4^.4 
18.7 
6.4 
5.2 

Mm. 

1.8 

1.85 

0.9 

1.8 

i.a 

1.7-1.7-1.7-1.7 

1.5 

"i.'8^i*.8^i!ili!7-i!7-i*.7 

8.0 

8.1 

2.1-2.1 

8.8 

1.7 
1.8-1.7-8.1 

8.5 

8.7 

8.4 

8.8 

8.1-9.8-8.8 

1.7-2.1-9.1-8.1-8.1-8.8 

1.7-2.4-8.4 

8.0 

8.5 

1.6 
2.ft-2.8-2.8 

8.6 

4.4 

8.8 
8.0-3.4 

4.5 

4.6 

2.7 

4.7 

8.4 

1.7-8.1-8.S-2.8-8.4-3.4-3.4-3.4 

5.0 
5.7 

V.s 

'3!8-s!8 

6.0 

8.8-3.4-3.4 

6.4 

6.5 

3.8 

TABLE    201. — RELATION    OF    THICKNESS    OP    PLATE    TO    DIAMETER    OP    HOLES  IN 
PUNCHED   SCREENS    AS    QUOTED. 


Thickness  of  Plate. 

Diameter  of 
Hole. 

Thickness  of  Plate. 

Diameter  of 
Hole. 

Rittinger.  (a) 

Eraser  &  Chal- 
mers. (6) 

Rittinger.  (a) 

Frajwr  &  Chsl- 
men.(b) 

Mm. 
0.86 

Mm. 
0.50 

Mm. 

6!457 

0.568 
0.889 

1            Mm. 
5.6 
8.0 
15.0 
16.0 
22.0 
28.6 
85.0 
85.4 

Mm. 
8.00 

Mm. 

0.75 

4.750 

1.0 

0.76 

6.850 

1.85 

8.75 

6  860 

1.4 

1.00 

6.350 

1.5 

1.845 
1.651 
8.769 
8.404 

8.00 

8.0 

6.850 

4.0 

1.75 

7.06 

5.5 

(a)  ''Auf  bereitungskuDde/'  page  226.    He  gives  these  fix 
7,  p.  7.    These  are  the  maximum  advisable  thicknesses  in  \\ 


ures  as  good  practice  in  1866.    (6)  Catatogoefia 


§  290.  Difficulties  of  Screening. — The  ideal  condition  for  screening  wouH 
be  to  have  the  ore  spread  over  the  screen  so  that  no  two  grains  ever  touched 
each  other,  but  of  course  this  cannot  be  attained  in  practice.  The  more  crowd- 
ing there  is  the  harder  it  is  for  a  grain  that  belongs  in  the  undersize  to  pass 
through  the  holes.  Of  two  similar  screens  receiving  the  same  quantity  of  ore, 
the  crowding  and  the  difficulty  of  screening  will  be  greater  in  the  one  where 
the  feed  contains  the  larger  percentage  of  oversize.  Another  important  de- 
ment lies  in  the  percentage  of  grains  that  are  of  about  the  diameter  of  the 
screen  holes.  The  difficulty  of  screening  increases  with  this  percentage,  both 
because  the  undersize  grains  of  this  claims  are  apt  to  go  into  the  oversize,  and 
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ittse  grains  of  this  class  tend  to  blind  the  screen  holes  and  so  prevent  the 

Iner  material  passing  through. 

The  ri'asons  that  fine  screening  is  more  difficult  than  coarse  are  that  the  feed 

Ap  fine  screens  contains  a  much  larger  ycrccntatje  of  oversize  and  also  a  much 

larger  percentage  of  grains  that  arc  about  the  size  of  the  screen  holes.     Jarring 

sometimes  used  to  prevent  blinding ;  for  example,  the  No.  1  trommel  in  Mill 

18  has  three  strap-iron  bands  to  which  cams  are  attached.     The  cams  on  each 

trap  raise  a  pivoted  hammer  which  falls  by  gravity  and  clears  the  screen, 

iexe  are  four  cams  in  the  first  sot,  with  lifts  of  3J  inches;  and  five  cams  in 

of  the  other  sets^  with  lifts  of  3  and  2^  inches  respectively.     Each  ham- 

tter  weighs  7  pounds. 

At  51  ill  40,  tailings  from  jigs  whose  feed  had  been  through  3-mm.  round 
holes  and  from  jigs  whose  feed  had  been  through  2.5-mm.  round  holes  (the 
Snest  portions  having  been  removed  by  classifiers  before  going  to  the  jigs)  [ 
rcre  ient  to  a  trommel  with  l-mm.  round  holes.  The  screen  soon  blinded,  ana 
^11  efforts  to  keep  the  holes  clear,  either  by  water  jets  or  by  automatic  jarring, 
fmved  impracticable.  The  cause  of  the  trouble  probably  was  that  the  feed  con- 
lined  a  very  large  percentage  of  grains  of  nearly  the  same  diameter  as  the  holes. 
The  removal  of  slimes  by  classifiers  previous  to  the  fine.^t  screen  sizing  is 
^metimes  practiced  in  order  to  prevent  them  from  going  into  the  oversize. 
For  example,  at  Ammeberg,  Sweden,  ore  that  has  been  through  2.5-mm.  screen 
holes  is  freed  from  slimes  in  a  hydraulic  classifier  before  going  to  a  trommel 
having  1,  1.25,  1.5  and  2  mm.  holes.*  At  Clausthal  the  ore  tlirough  4,2-nira. 
cneen  holes  goes  to  a  box  classifier,  the  spigot  of  which  is  further  screened 
in  3.5^  2  and  1  mm.  scI^een8.t 

In  regard  to  the  blinding  of  fine  screens,  it  should  be  said  that  a  flaring  hole 
with  the  narrow  part  upward  blinds  less  than  a  cylindrical  hole;  that  a  thin 
plate  screen  blinds  less  than  a  thick  one;  a  slotted  hole  blind?  less  than  a  round 
one;  and,  finally^  a  screen  immersed  in  two  or  three  inches  of  water  blinds  less 
than  one  that  is  simply  sprayed  with  water.  Edison  has  found  (see  United 
states  Patent  648,934,  dated  May  8,  1900),  that  in  dry  screening  the  clogging 
^f  fine  screens  can  be  prevented  by  passing  a  large  quantity  of  coarse  material 
rer  the  screen  with  the  fine.  On  his  inclined  slotted  screens  wdth  slots  0.004 
nch  wide  about  90%  of  the  whole  load  should  be  coarse,  the  largest  particles 
eing  preferably  about  J-inch  diameter.  With  O-OOD-inch  slots,  70%  should  be 
IT^;  and  with  0,01 2-inch  slots,  ti3%  should  be  coarse. 
For  special  difficulties  with  trommels  see  §  293. 

The  Action  of  Trommels. 

Id  order  to  fully  understand  the  operation  of  trommels,  we  will  now  consider 
the  relations  of  their  slope,  diameter  and  speed  of  revolution. 

§291,  Effect  of  Centrifugal  Force. — The  increase  in  centrifugal  force  j 
as  the  speed  of  revolution  increaaee,  and  the  effect  of  this  increase^  may  be 
fbawQ  as  follows: 
In  Fig.  230  let 

tt?=:weight  of  an  ore  particle. 

c=:centrifugal  force. 

f^^natural  angle  of  friction=angle  between  a  horizontal 

tangent  to  the  circle  at  the  point  where  the  ore  elides,  with 
gravity  acting  alone. 
t=;increasr*  of  f  due  to  c. 

•  Am..  InMt,  ITin,  Ena,,  Vol  XXIV,,  p  49i 


374 


ORE  DBESaiNQ. 


v=peripheral  velocity  of  the  trommel  in  feet  per  seconcL 

r=radiu8  of  the  trommel  in  feet. 

jz=acceleration  due  to  gravity =32. 16  feet  per  second. 

«=8liding  angle  due  to  g  and  c  combined,  which,  from  the  dmilaritj 
of  triangles,  is  equal  to  /+i. 
Now  since  the  sides  of  a  triangle  are  proportional  to  the  sines  of  their  oppo- 
site angles, 
c      sin  %       c 

—=—. — J.  or  —  sin  /=8in  i;  and  Substituting,  in  this  formula,  the  value  for 
w     Bin  J      w        "  ° 

centrifugal  force,  c= — ,  we  get sin  /  =  sin  i,   which  by  cancellation, 

gives  the  required  formula,  —  Bm/=sin  t,  which  shows  the  increase  in  the 

angle  of  friction  due  to  centrifugal  force.  Table  202  has  been  calculated  bj 
the  use  of  this  formula,  assuming  that  /=35°.  When  the  sliding  angle  is 
90°  greater  than  the  angle  of  friction  due  to  gravity  alone •(90**4-35**=125''), 
a  particle  of  ore  will  be  carried  completely  around  the  trommeL 


TABLE  202. — INCREASE  IN  THE  ANGLE  OF  FRICTION,  DUE  TO  THE   CENTRIFUGAL 
FORCE  OF  A  TROMMEL,  ASSUMING  35°  AS  THE  ANGLE  OF  FRICTION 
WHEN    THERE    IS    NO    CENTRIFUGAL    FORCE. 


1 

Trommel  80  Inches 

Trommel  86  Inches 

Trommel  48  Inches 

Trommel  72  Indies 

Trommel  9S  iDdM 

Diameter. 

Diameter. 

Diameter. 

Diameter. 

Diameter. 

CentHf- 

Centrif- 

Centrif- 

Centrif- 

Centrif- 

ugal Force 

Divided  by 

Force  of 

Sliding 
Angle. 

ugal  Force 

Divideti  by 

Force  of 

Sliding 
Angle. 

ugal  Force 

Divided  by 

Force  of 

Sliding 
Angle. 

ugal  Force 

Divided  by 

Force  of 

SUding 
Angle. 

ugal  Force 

Divided  by 

Force  of 

SlidiDC 

1 

Gravity. 

Gravity. 

Gravity. 

Gravity. 

Gravity. 

8 

0.03 

85«»64' 

0.03 

se*  6' 

0.01 

86*96' 

0.07 

87*09' 

0.09 

srsr 

10 

0.04 

36«»24' 

0.05 

86M1' 

0.07 

87*15' 

0.10 

88*28' 

0.14 

»? 

li 

0.06 

87»  V 

0.07 

87«85' 

0.10 

88*14' 

0.15 

89*51' 

0.90 

«•* 

16 

0.10 

88»  9 

0.18 

88»47' 

0.15 

40*  8' 

0.93 

42*35' 

0.81 

45-« 

16 

0.11 

88»85' 

0.18 

89«18' 

0.17 

40*45 

0.96 

48*38' 

0.85 

48^ 

17 

0.18 

39<»  8' 

0.15 

39»52' 

0.80 

41*89' 

0.80 

44*40' 

0.38 

ma 

18 

0.14 

89«»8JJ' 

0.17 

40*87' 

0.88 

42*17' 

0.88 

45*57' 

0.44 

mv 

19 

0.15 

40»  4 

0.18 

41*05' 

0.86 

4:i*07' 

0.87 

47*14' 

0.49 

SI'S*' 

90 

0.17 

40*87' 

0.80 

41*44' 

0.27 

44*  0' 

0.41 

48*34' 

0.65 

srij 

26 

0.87 

48*47' 

0.88 

45*34' 

0.48 

49*0»' 

0.64 

66*31' 

0.85 

64'li' 

87  1 

1.00 
1.9S 

wv 

80.0 

0.88 

47048' 

0.46 

50*19' 

0.61 

66*37' 

0.98 

66*68' 

7V91 

81.8 

1.00 

70*  0* 

88.4 

1.48 
1.74 

w 

86.8 

]»V 

87  4 

1.48 
■'■*i'.64*  " 

90*  0' 
i*04*6V'' 

88.8 

1.00 
1.09 

70*  0* 
78*45' 

40.0 

0.68 

68'y 

0.88 

68*60' 

..•••••• 

41  8 

1.74 

185*  0* 

,..••••• 

44.8 

1.00 

70*  0* 

......^.... 

"ii^'V 

•«•»•••■ 

45.8 



48.4 

1.00 

70*  0* 



60.6 

1.74 

195*  0* 

68.8 

1.48 

""iiw"" 

90*  0' 
185*  iy" 

67.9 
68.4 
64.0 

1.48 

90»  V 



'"i'.M  "' 

'wV 

».»"1' 

Fig.  231  shows  graphically,  for  a  36-inch  trommel,  the  rapid  increase  of 
centrifugal  force  due  to  increase  of  revolutions;  and  also  the  different  heights 
to  which  the  ore  will  be  carried.  W,  C  and  B  represent  the  mamitude  respo- 
tively  of  the  force  of  gravity  (weight),  the  centrifugal  force  and  the  resnltint 
force;  and  also  their  respective  directions. 

§  292.  Rate  of  Travel  of  the  Ore. — The  rate  at  which  ore  passes  throngk 
a  trommel  depends  on  the  slope  of  the  trommel  and  the  speed  of  revolution.  A« 
the  trommel  revolves,  the  ore  fragment  is  carried  upward  to  a  point  where  tb 


PRINCIPLEa  OF  aCBEEN  SIZING. 


876 


f  fteepeet  declmty  makes  an  angle  with  a  horizontal  plane  equal  to  the 
of  friction  of  the  ore. 

!  pitch  angle  of  the  helical  path  that  a  free  particle  of  ore  will  follow  over 
if  ace  of  the  trommel,  may  be  calculated  as  follows:  In  Fig.  232  let  the 
z  between  the  plane  P,  and  the  horizontal  plane  be  the  angle  at  which 


no.  230. 


FIG.    231. — CENTRIFUGAL   FORCE    IN   A   36-INCH 
TROMMEL. 
Tr=  weight  of    C=oentrifugBl  force, 
ore  particles.     i2=resuitant. 


FIG.  232. 


e  slides.  Let  the  line  d  be  a  line  of  steepest  declivi^  in  the  plane  P. 
le  line  e  represent  an  element  of  the  cylindrical  surface  of  a  trommel. 
be  a  tangent  to  the  cylinder  in  a  plane  of  revolution  of  the  trommel,  and 
plane  P.  Let  A  be  the  distance  from  the  point  a  on  the  trommel  to  the 
ntal  plane.    The  angle  x,  then,  is  the  dope  angle  of  the  tiommel,  and 
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the  angle  p  between  d  and  i  is  the  pitch  angle^  and  is  the  same  as  the  an^ 
between  e  and  y.    Then : 


3=  sin  «,  hence  d  =— : 
Bin  8 


A      .        •  A 

-  =  Bin  a?,  hence  e=-: 

0  sin  X. 


„  d      Qin  8       Bm  X 

Hence,  sm  »=-=  — 7 — =~:^ 

-^     a        A  Bin  « 

sin  X 


which  gives  the  value  of  the  required  pitch  angle.  If  the  axis  of  a  cylindrical 
trommel  is  horizontal,  the  pitch  angle  is  0°  and  the  ore  will  not  move  in  an 
axial  direction.  If  the  slope  of  the  axis  is  the  same  as  the  angle  at  which  the 
ore  glides,  the  pitch  angle  is  90°  and  the  ore  will  pass  out  of  the  trommel  along 
an  element  of  the  cylinder  when  the  trommel  is  still. 

Tables  203a  and  2036  give  the  rotations  made,  and  also  the  helical  distances 
traveled  by  an  ore  particle  to  get  through  a  trommel  under  varying  condi- 
tions of  diameter,  slope,  revolution  and  length,  as  computed  from  the  formula 
sin  X 


smp' 


sm  8 


and  from  simple  equations  depending  on  this  formula. 


TABLE  203a. — ROTATIONS  OF  TROMMELS  TO  DELIVER  A  GRAIN  OP  0VEB8IZX,  AND 
THE  HELICAL  DISTANCE  TRAVELED  BY  THE  GRAIN. 

Abbreviations.— Deg.=degreee;  In.=iiiche8. 


Trommel  30  Inches  Diameter. 


Slope  of 
Tromme]. 


'>^'f^. 


9*30' 
14* 


3 


le  E«volutJ0Di  n  Minute. 
Sliding  Angle,  30°  »y. 


Angleu 


Rotations  to 
Deliver  a 
Qmin  of 

trbenLeni^ 

ot  Tromiuel 

is 


,60  In,  72  m. 


B.0& 
6.47 
4.51 

3.90 

a. 32 

1.51 


10.90 
?.77 
a,  41 
3.83 
B.7B 
1, 


Helical  Dis^ 

tano6  Tmv^ 

eled  by  a 

Grain  vh&a 

Length  of 

Titimtnel 

la 


OO  In,  T2  In. 


In. 
1,0TO 

Bfi8 
013 
4S» 

mr 

227 
155 


In. 
1,2H0 
1,039 

&I& 

JJ72 

1B6 


18  Bevolutiona  &  Minute, 
Sliding  Aa^le.  m^  33'. 


Pitcb 
An^lo. 


3«.MI' 
5*3iy 
7-522' 
1]«P2^ 

2S*3(y 


Rotfttlom  to 

Deliver  a 

Grain  of 

OvePMiJEfl 

whenLenKtb 

of  Trommel 

Ifl 


00  In 


n.flO 
9,37 
e.ei 

4,01 
3,27 
2  37 
1.55 


7B  In 


la.oe 
ii.ifl 

7.93 
5,53 

2.85 
1  85 


ITfi^tical  Dis- 
tance TraT 
eli^  hy  a 
Grain  wben 
Lenf^tb  of 
Tromtael 


eoin 


win. 


In. 

1,0B5 
ffTO 

em 

43S 
314 

IBS 


In. 

IpSl4 

h051 

761 

5£d 

278 
183 


30  RfiivolutJoctt  A  Mliiqt«t 
Sliding  Angle.  *?•  IT 


Pftdi 

Angle 


S-04' 
3»51' 
5'a3^ 

10*47' 
14*4P 
21^^ 


RotaHons  to  Hdlcal  0^ 
DeliTw  a  tucsTrw- 
Grain  of      eMto^ft 

wbenLength  laigihd 
of  TrommeJ   Troamd 


i» 

■• .,  1 

com. 

72  In. 

miiL 

m. 

In. 

ta. 

11, as 

]4,SS 

tito 

tjm 

9.48! 

11  .ie 

m 

ifl 

«.TO 

R.ll 

em 

m 

4.71 

S.flfi 

m 

m  \ 

SSI 

1,01 

»*i! 

m 

a  43 

a.^i 

ST 

« 

ISft 

i,m 

wr 

m 

Trom 

mel  86  Inches  Diameter. 

16BeTolutlonBalHaut«. 

18  ReTOlutloa*  a  MInnte. 

^  RevoMtieiEis  a  MEndiL 

ending  Aaglf?.  99»  IB^  . 

8HdInj^  Angle.  40*  27'. 

Sliding  Aagi^nr**^ 

»• 

%f 

a-Oft' 

B.«4 

11.50 

1,0«0 

1,806 

3*05' 

&.85 

UM 

1,116 

1,3^ 

S'O* 

10.12 

12.15 

1141 

m 

9-30' 

/H- 

S^5r 

7.68 

9.SJ 

871 

1,045 

S^"^!' 

7.87 

1>.45 

R93 

uon 

a«45 

e,o& 

9,rt) 

tl6 

IM 

n*m' 

ij^ 

&'33^ 

5.48 

6.57 

623 

747 

bm' 

5.ai 

6.74 

6;^8 

76S 

*n6' 

5.7fl 

6.21 

«5I 

n 

a- 

I    + 

7«W 

3.8S 

4.58 

430 

523 

:*43' 

3.91 

4.70 

447 

586 

7*ai' 

4.02 

4.8S 

488 

m 

T* 

!>*- 

11*00' 

2.71 

S.25 

»11 

m4 

to«5(y 

2,77 

s.a^ 

Sift 

681 

to-aa- 

2.fi5 

3,42 

m  m 

9-flO' 

2 

is-oe' 

l.m 

S.SO 

290 

»™ 

H«M' 

2.02 

2.42 

296 

8BS 

i4«2r 

2.0? 

2,49 

^  S 

H* 

3 

aa-w' 

1,38 

UM 

167 

im 

21*54' 

1.38 

!.58 

161 

isa 

ai'^i*' 

IM 

1,63 

m  m 
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riiXIOKS  OF  TROMMELS  TO  DELIVER  A  GRAIN   OF  OVERSIZE,  AKD 
THB  HELICAL  DISTANCE  TRAVELED  BY  THE  GRAIN, 


Trommel  48  Inches  Diameter. 


Ml  B#m>lutions  a  Mlnuto.    Sliding  Angle,  4(P  3'. 

17  Reirolutlons  a  Minute.     Sliding  Angle,  41»  99' 

iX 

B*3tAt  ioa«  to  Dtiliver 

a  Grain  of  Oversize 

wheo  Li'QjTth  of 

Trommel  is 

Helical  Distance 
Traveled  by  a  Grain 

Pitch 
Angle. 

Rotations  to  Deliver 

a  Grain  of  Oversixe 

when  Leoffth  of 

Tromm^  b 

Helical  Diatanoe 

Tr&Teled  by  a  Grain 

when  Length  is 

flO  In. 

n  In. 

80  In. 

72  In. 

60  lo 

78  In. 

60  In. 

72  In. 

for 
r47* 

7.32 
5.8«J 

2.91 

l.fiO 

8.7« 
7.08 
5.01 
8.49 
8.48 
1.80 
I.IB 

1»106 
88S 

44a 

817 

\m 

1,328 

iloea 

758 
581 
880 
881 
192 

a*or 
8*4r 

6*17' 

19*38' 
14*99' 

Ellas' 

7.64 
6.08 

4. art 

8.O0 
2.18 
1.55 
1,01 

9.05    1 

7.98 

5.16 

8.60 

2.55 

\M 

1.28 

1,139 
on 
051 
456 
396 
241 
164 

1.966 
1.098 
781 
547 
891 
989 
19? 

Trommel  79  Inches  Diameter 

It  Re?oluUoiL9  a  MLiiuU\      Slidiog  An)?l<^  ^°  51'. 

15  EevolutioDS  a  Minute.     Sliding  Angle,  42*"  85'. 

ror 

4.88 

5.84 

l,lO;i 

1,329     ] 

2«5r 

6.14 

6.16 

1,164 

1,896 

r«' 

8.60 

4.07 

881 

1,668 

3">42' 

4.11 

4.93 

981 

1,117 

w^ 

%.n 

8.88 

630 

750 

S'll' 

9.98 

8.61 

665 

798 

7*49^ 

1,98 

8.3« 

441 

529 

7*24' 

2.04 

2.46 

466 

C09 

vt^m 

1.87 

1.64 

816 

379 

10*83^ 

1.45 

1.74 

888 

400 

M»a6' 

1.00 

1.19 

saa 

880 

14*07' 

1.06 

1.27 

846 

885 

«•«' 

0.66 

0.78 

159 

191 

80«.^7' 

0.60 

0.83 

16H 

901 

Trommel  9C  Inches  Dlatnet^T. 


10  ReTolutioiis  a  Mkuta.     Sliding  Angle,  39*  29'.     13.'  Rf?Tolutions  a  aUnute.     Sliding  Angle,  41*  28' 


1!«09 


1,093 
876 


8*47' 
5*17' 
7*84' 
10*36' 
11*26' 
yi*86' 


pCT  OF  Slope. — This  may  be  stated  in  two  ways:  Other  things  being 
with  the  same  depth  of  bank  increase  of  slope  increases  enormonely  the 
ing  power  of  the  trommel ;  or  we  may  say  that  for  the  same  quantity  of 
!th  the  steeper  slope,  the  bank  will  be  much  thinner,  and  hence  the  screen- 
^ch  better.  These  facts,  for  a  trommel  36  inches  in  diameter,  72  inehea 
^Mving  20  times  per  minute,  are  shown  in  Tjibles  204  and  205.  It 
^B  Btiited  that  where  such  thin  banks  as  J  inch  thick  are  given,  it  simply 
^at  that  is  the  average  depth  of  continuous  layers  that  would  et^ual  in 
I  the  sum  of  the  scattered  ore  fragments.    These  tables  are  based  on 

204, — CAPACITY  IN   24  HOURS  OP  A  TROMMEL   36    INCHES   DIAMETER,    72 
tGHSS   LONG,  REVOLVING   SO   TIMES   A  MINUTE,    FOR  GIVEN  DEPTHS   OF 
BANE,   A>rD   AT    DIFFERENT   SLOPES;   ASSDMINO   THAT    1    CUBIC 
FOOT   OF   BROKEN    ORE    WEIGHS   94    POUNDS, 


In.  par  root. 

.1 


On' Bank  M  in  D«?p, 
Troiii  >>-  -*'  rss 
8.91  r 


4.8  tona 
5.f»  roas 
e .  1  tons 
11  7  toaa. 

16.5  totifl^ 

28.6  tooa. 
84.5  tool 


Ur«^  Bank  U  in.  Deep. 
Tp^mraei  Contain r 
11.03  pounds  of  On? 
at  an  V  time,  (a ) 


13.1  tono. 
16,4  tons. 
28.0  toiiB. 
38.0  tons. 
46.4  tooa. 
68.8  tons. 
97.4  tonit. 


Ore  Baak  1  in.  Deep  Ore  Bank  2  In.  Deep. 
Trommel  Contalna      Trommel  Contains 
31  1)6  Pounds  of  Ore    S7.14  Pounds  of  Ore 
at  any  Ume.  (a)  at  any  time,  (ay 


86.9  eoDf. 

46.1  tons. 

64.7  tona. 

99.6  lona. 
\m.%  tona. 
179.6  t4^na. 
874.4  toai. 


]0B.8loiDa. 
120.4  tona. 
181.6  tons. 

260.8  tons. 

866.9  toot. 
508.9  tona. 
789.8  tout. 


{a\  Including  Out  imdMVlM. 
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TABLE  205. — THICKNESS  OF  BANK  AND  WEIGHT  OF  ORE  IN  TROMMELS  30  AND  \ 

INCHES  DIAMETEB,   72  INCHES  LONG,  REVOLVING  20  TIMES   A  MINUTE, 

WITH  DIFFERENT  RATES  OF  FEED  AND  AT  DIFFERENT  SLOPES; 

ASSUMING   THAT    1    CUBIC    FOOT    OF    BROKEN    ORB 

WEIGHS  94  POUNDS. 

AbbreTiatioiiB.— Deg.=degree8;  Ft-sfoot;  Iii.sincheB;  p-sper. 


Trommel  30  Inches  Diameter,  72  Inches  Long. 

100  Tons  Screened 

125  Tons  Screened 

900  Tons  Screened 

jSOOTonsScraaed 

Trommel. 

Id  24  Hours. 

in  24  Hours. 

in  24  Hours. 

in  21  Hours. 

in94Hoiin. 

Depth 
of  Ore 

Ore  in 
Trommel 

Depth 
of  Ore 

Ore  in 
Trommel 

Denth 
of  Ore 

Ore  in 
Trommel 

Depth 
of  Ore 

Ore  in 
Trommel 

Depth 
of  ore 

Ore  in 
Trommel 

Bank. 

at  any 
time,  (a) 

Bank. 

at  any 
time,  (a) 

Bank. 

at  any 
time,  (a) 

Bank. 

at  any 
time,  (a) 

Bank. 

S^a) 

DeR. 

In.p.Ft. 

Inches. 

Poimds. 

Inches. 

Pounds. 

Inches. 

Pounds. 

Inches. 

Pounds. 

Inches. 

FdnwU. 

9« 

w 

2.31 

98.8 

2.G9 

123.5 

8.06 

148.2 

8.78 

197.7 

4.98 

M.8 

»»80' 

rf 

1.H9 

79.0 

2.31 

98.8 

2.61 

118.5 

8.20 

158.1 

4.88 

887.1 

S'SO' 

'I 

1.00 

66.3 

1.85 

70.4 

2.08 

84.5 

2.58 

118.7 

8.86 

MB.0 

B* 

1    4 

1.25 

99.8 

1.45 

49.1 

1.64 

58.9 

1.99 

78.6 

8.80 

117.9 

7» 

IH- 

o.ge 

27.8 

1.15 

34.8 

1.80 

41.7 

1.58 

66.7 

2.07 

81.6 

••8(K 

2 

0.79 

20.2 

0.93 

25.3 

1.04 

80.8 

1.27 

40.4 

1.87 

80.1 

14» 

8 

0.60 

13.3 

0.69 

16. 6 

0.78 

19.9 

0.95 

86.5 

1.26 

».8 

Trommel  36  Inches  Diameter,  72  Inches  Long. 


8« 

%\- 

1.96 

84.4 

2.28 

105.5 

2.58 

126.6 

8.12 

188.7 

4.19 

m\ 

8*80' 

irf 

1.69 

67.4 

1.06 

M.2 

2.21 

101.0 

2.69 

134.7 

8.88 

808.1 

8»80' 

'i!r- 

1.85 

48.0 

1.57 

60.0 

1.76 

78.0 

2.14 

96.0 

8.81 

S44.0 

5«» 

1   + 

1.05 

83.5 

1.23 

41.8 

1.89 

50.2 

1.68 

66.9 

2.80 

100.4 

7* 

l«- 

0.83 

23.7 

0.97 

29.7 

1.10 

85.6 

1.88 

47.5 

i.n 

71.1 

V^W 

2 

0.68 

17.8 

0.78 

21.6 

0.88 

25.9 

1.07 

M.6 

1.48 

51.9 

W 

8 

0.51 

11.3 

0.58 

14.1 

1 

0.6C 

17.0 

0.80 

88.7 

1.06 

81.0 

(a)  Including  the  underslse. 

The  Effect  of  Length  and  Slope  Combined. — Table  206  shows  relatii« 
weights  of  ore  conveyed  by  trommels  with  equal  depths  of  bank  in  any  prea 
time.  These  quantities  are  calculated  on  the  basis  that  36-inch,  -iS-iiich,  T^inch 
and  96-inch  trommels  contain  respectively  1.1,  1.27,  1.56  and  1.80  times  as 
much  ore  at  any  given  moment  as  a  30-inch  trommel  of  the  same  length.  Theee 
figures  are  practically  true  for  banks  varying  from  \  inch  to  2  inches  in  deptL 
The  greatest  error  in  the  table  is  0.8%.  To  eliminate  this  slight  error  would 
require  a  separate  table  for  each  depth.  Table  207  shows,  for  the  same  diame- 
ters and  slopes  as  in  Table  206,  the  relative  lengths  that  will  give  the  same 
length  of  helical  path  in  all  cases;  equal  lengths  of  path  being  necessanr  to 
yield  the  same  quality  of  screening,  provided  there  is  the  same  depth  of  bank 
in  each  case.  Both  of  these  tables  are  based  on  Tables  203a  and  2036.  Two 
examples  of  their  use  follow:  If  the  maximum  capacity  of  a  trommel  96  incto 
in  diameter,  sloping  14°,  revolving  12  times  per  minute,  is  called  100  miita  of 


TABLE  206. — RELATIVE  WEIGHTS  CONVEYED  BY  TROMMELS  WITH  ORE  BANKS  Of 
ANY    DEFINITE   DEPTH    UP   TO    2    INCHES. 


Trommel  80  IncheR 

Trommel  36  Inches 

Tronunel  48    | 

Trommel  73 

TroBimdll 

Diameter. 

Diameter. 

Inches  DiarneteTi 

Inches  Diameter 

Inches  DfuKM 

Trommel. 

Revolutions  per  Minute. 

1   Revolutions  per 
1           Minute. 

Revolutions  per 
Minute. 

Minute. 

Revolutionspv 
Minnie. 

DepT. 

Inches 
per  Ft. 

10 

18 

eo 
4.0 

:    16   1    18 
■   4.ri     4.« 

20 
5.1 

15 

17      1 

12      1      15 

10 

11 

9»  C 

K-H 

8.3 

8.7 

6.1 

6.8 

9.1 

in.7 

11.7 

*! 

2<».W 

S+ 

1.2 

4.0 

ft.  (I 

;    r,.4      r..'> 

f..4 

7.7 

8.5 

11.4 

13.4 

14.7 

16.J 

S'SO' 

H- 

n.s        6.4 

7.n 

:    7.»i       s.H 

9.0 

10.8 

11.9  : 

15.9 

18.8 

80.6 

"■; 

5"  0* 

1   -f 

K.4        y.^ 

ID  (1 

i  10.0  1  12.1) 

12.9 

16.5 

17.0    , 

22.9 

sr.i 

29.5 

M.« 

70  0' 

1W- 

11. K   ;    i;i.o   1    111 

If).  4     ir..!» 

18.2 

81.8 

88.9    1 

82.9 

38.1 

41 .7 

tf.l 

0*80' 

2 

10.:i         17.9         HI. 4 

21.1  :  2:<.2 

25.1 

80.0 

82.9 

44.8 

6S.6 

S7.4 

en.; 

W  0* 

8 

25.0    .    27.4         29.7 

82.5     35.5 

88.8 

45.9 

50.5    { 

C7.9 

80.0 

8B.5 

KD* 

fft 

U.B 

U,» 

1S.9 

14.S 

1S.« 

18.5 

14.0 

18.6 

14.1 

18.8 

14.8 

18.6 

tt^ 

18.1 

17,7 

17.8 

17.8 

17.4 

16.9 

17.6 

17.0    ' 

17.6 

16.6 

17,7 

17.0 

5^ 

S6.S 

84.8 

M.a 

«4.9 

W.3 

83.7 

84  R 

333.8 

1M.6 

S8.8 

94.8 

88.8 

14- 

961 

8S.4 

84.0 

35.G 

34.7 

88.8 

85.0 

»i.O 

85.1 

S8.3 

86.4 

84.0 

;»*- 

6U.5 

49.4 

4B.I1 

49  H 

48.6 

47.8 

48.9 

47.5 

49.1 

46.9 

49,6 

47.6 

cs.» 

<W,i 

06.4 

S7.4 

05,7 

64.0 

ao.a 

04.8 

06.6 

03,0 

67.1 

M.3 

1" 

100.0 

90.1 

«e.8 

86,7 

90.3 

94.0 

96.9 

94.5 

97.6 

93.3 

98.1 

94,5 

i,  the  same  quality  of  screening  will  be  done  by  a  trommel  36  inches  in 
Iter  with  the  same  slope,  revolving  20  times  per  minute,  with  a  capacity 
Ls  units  of  weightj  and  the  relative  lengths  would  be  94.5  and  94.0,  that  is 
jr,  practically  the  same  length.  If,  on  the  other  hand,  the  3G-inch  trommel 
|Oped  3**  instead  of  14°,  the  capacity  would  be  only  12.9  units  of  weight, 
,ii  length  would  bo  reduced  to  33.8.     The  capacity  is  reduced 

ngth»     Id  like  manner  a  great  variety  of  conditions  may  be 
Capacity  cannot  be  much  increased,  however,  by  increasing  length 
xi  iDcreasing  dope  also.     For  example,  if  a  tronmicl  5  feet  long  is  screen- 
to  ita  full  capacity,  and  it  is  attempted  to  double  the  capacity  by  dou- 
i  the  length,  the  first  5  feet  will  be  overcrowded  and  screening  poorly,  and 
ftd  5  feet  will  also  be  overcrowded  and  screening  poorly;  but  by  doubling 
' ,  and  at  the  same  time  increasing  the  slope,  the  capacity  can  be  doubled 
Bu  206  and  207).     If,  however,  there  is  not  enough  fall  to  permit  an 
[if  either  length  or  slope,  the  2  five-foot  lengths  may  be  placed  side 
ad  the  ore  divided  between  them- 

.  the  mill  man  aims,  as  a  rule,  not  at  great  quantity  but  at  good 
when  he  seeks  this  by  the  14°  slope^  he  does  not  try  for  the 
ions  capacity  that  the  trommel  will  give  if  its  helical  path  is  lengthened  as 
but  rather  for  the  very  much  thinner  bank  that  the  14°  slope  will  give  on 
ae  quantity,  in  order  to  give  the  greatly  improved  quality  of  screening 
Vill  result    The  thin  bank  does  away  with  the  necessity  of  increasing  the 
jarth. 

r  OP  Speed. — Table  206  shows  that  the  capacity  is  noticeably  increased 
^  speed  of  revolution.     For  example:  A  36-inch  trommel,  sloping  5^, 

Dg  16  revolutions  a  minute,  screens  10,0  unite  of  weight,  while  if  its  revo- 
'"  be  put  up  to  20,  it  will  screen  12.9  units.    The  increasing  speed,  to  l>e 
the  centrifugal  force,  which  tends  to  blind  the  screen,  but  the 
probably  is  not  serious  for  a  36-inch  trommel  until  we  go  beyond 
i.  a  minute.     See  Fig.  231  and  §272  (paragraph  on  Revolutions). 
recT  OP  VAaYiNG  tite  Diameter. — Tables  200  and  207  show  that, 
earoe  number  of  revolutions  and  the  same  slope,  the  capacity  of  a 
trommrl  is  practirally  1.3  times  that  of  a  30-inch  trommel  of  the  same 
The  centrifugal  force,  however,  is  greater  in  the  former,  and  to  make 
,ly  fair  conjparison,  the  revolutions  must  be  so  regulated  as  to  make 
^i'fugal  force  the  same  in  th<*  two  machines.     The  depth  of  bunk  and 
«if  Hcreening  will  then  he  the  same  in  lutth  tronimel*!,  nnd  the  36-ineh 
ill  have  prnctically  1.2  times  the  capacity  of  the  30-inch  trommel; 
8ay,  the  capacities  of  the  two  are  in  proportion  to  their  diametet%. 
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In  fact,  when  the  lengths  and  elopes  are  the  same,  and  the  speeds  are  such  ai 
to  make  the  centrifugal  force  the  same,  the  capacities  of  any  two  trommelB  an 
practically  proportional  to  their  diameters,  for  the  depths  of  bank  under  ood- 
sideration  (2  inches  or  less).  The  helical  distance  traveled  will  be  exactly  flie 
same  for  aU  diameters  if  the  lengths  and  slopes  are  alike,  so  that  the  wear  (n 
screens,  per  ton  of  ore,  will  be  the  same.  The  frequency  of  changing  scieen 
will  be  the  same,  but  the  labor  of  changing,  per  ton  of  ore,  will  be  inversely  ai 
the  diameters.  It  is  clear  then  that  the  nmning  expense  of  a  large  dianMster 
trommel  is  no  greater  and  may  be  even  less  than  that  of  a  small  one,  per  too 
of  ore  treated.  On  this  account,  diameters  which  are  much  greater  than  thoie 
commonly  used  have  been  computed  and  placed  in  the  tables  for  convenience 
of  mill  men  who  may  desire  to  experiment  in  this  direction.  Diameters  eqnil 
to  the  largest  shown  in  the  tables  are  sometimes  used  for  coal.  It  shonid  be 
stated  that  the  first  cost  of  trommels  will  increase  somewhat  more  rapidly  fhaa 
the  diameters. 

§  293.  Depth  of  Bane  and  Quality  op  Wobs  depend  mainly  upon  fhe 
slope  of  the  trommel,  the  rate  of  feeding,  and  the  speed  of  revolution.  If  the 
bank  is  too  deep  good  screening  cannot  be  done,  no  matter  how  long  the  trom- 
mel is.     If  the  bank  is  too  thin,  time  is  wasted. 

At  Laurcnburg  a  conical  trommel  having  8-mm.  round  holes  with  28  indn 
large  diameter,  49  inches  perforated  length  and  2**  50'  slope,  has  been  replaced 
by  one  with  64  inches  large  diameter,  26  inches  perforated  length  and  5*  4ff 
slope  run  at  6  revolutions  per  minute."  The  steeper  slope  and  greater  diame- 
ter have  both  helped  to  diminish  the  depth  of  bank  and  to  improve  screening 
to  an  extent  which  warranted  shortening  the  screen.  The  net  result  was  loB 
wear  of  screen  and  less  slimes  from  abrasion  of  the  ore. 

The  importance  of  steeper  slope  and  shorter  length  for  a  given  capadtj  doei 
not  appear  to  be  perfectly  understood.  The  following  figures  have  been  taken 
from  Table  186  to  illustrate  this  point: 


Slope  of  Trommel. 

Number  of  Trom- 
mels 86  Inches  to 
50  Inches  Long. 

Number  of 
Trommels  00 
Inches  Long. 

Number  of 
Trommels  78 
Inches  Long. 

Number  ofiyoB- 
metoaOlDdMito 
168  Inches  Losf. 

!•  5'    to   8»56' 
4o  y    to   4«45' 
50        to    5**6y 

7 

s 

a 

10 
5 

a 

5 
17 
8 

1 
4 

86 
6 

V*  V   to  vw 

4 

B^W 

T^W 

7 

""*••• 

14« 

i 

!!!!!!!!!!!.".' 

There  are  three  large  entries  in  this  list  which  appear  to  indicate  that  tins 
problem  is  being  worked  out  by  natural  selection :  25  very  long  trommels  hua 
from  l**  5'  to  3°  66'  slope;  17  six-foot  trommels  have  from  5**  to  5"  SiT  dope; 
7  five-foot  trommels  have  9°  30'  slope.  Here,  throwing  out  certain  odd  figoni^ 
which  may  be  considered  exceptional,  we  have  evidence  that  mill  men  recognne 
that  if  a  gentle  slope  is  to  be  u^ed  the  trommel  must  be  long,  while  if  a  steep 
slope  is  used  it  may  be  short.  Tf  it  can  be  short,  it  should  1^,  in  order  to  pie* 
vent  wear  of  screen  and  broakage  of  ore. 

Table  186  shows  that  it  is  not  an  uncommon  practice  to  diminish  the  dope 
and  increase  the  length  as  the  pize  of  the  ore  diminishes.  This  is  done  on  W 
basis  that  the  fine  sizes  are  harder  to  screen  and  should  therefore  be  kept  longer 
in  the  screen.  There  seems  no  reason,  however,  why  a  fine  size  should  screca 
more  ndvantageously  at  a  gentle  angle  than  a  coarse  size.  If,  then,  steep  dopa 
thin  the  banks  and  improve  screening  for  coarse  screens,  they  will  also  do  it 
for  6ne.    It  is  probable  that  short  screene,  6  feet  long,  with  somewh^  from 


ta  M**  slupi\  will  be  found  so  mueh  more  ellicient  for  RTocning,  and  so  much 
ess  expenjBi\L\  that  they  will  be  adopted  for  all  gizes,  coarse  and  fine. 

Tests  of  Mill  Work. — The  siutlior  obtained  samples  of  trommel  products 
from  Mills  22,  28,  30  and  38  in  order,  by  carefully  sizing  them  on  hand  screens^ 
.o  determine  the  quality  of  the  work  done  in  the  mills;  and  then,  if  possible^ 
JO  explain  any  diferencefi  in  the  quality  of  the  work  by  studying  the  various 

TJLBLE   208. — SIZING   TESTS   OF   TROMMEL    PRODUCTS    FROM    MILL    22.* 


M3 


PRINCIPLES  OP  8CBEBN  SIZING. 


381 


Natober  on  fig.  585. 


TbrouRti  10.0    on  11.9  mm. 

11  .a  •*  o.oa  " 

S.Oi  "  6,01  " 

sm  •*  s.w  *• 

"          8.M  **  8.09  " 

S.flO  **  180  " 

•*          1.60  "  1.40  " 

\M  "  0.945  ** 

0.04S  "  0.087  •• 

O.OW  *•  0.498  " 

••          0,4«  **  0.871  " 

'•          0.871  "  O.870  ** 

»          O.fTO  ''  rt  IM  *• 

*          0.168  '*  0.110  " 

*•          0.110  **  0,073  •• 

••       0.O7H  "  o.oeo  " 


Mill  SlT^. 


Throuffb  18  oa  6  mm.       Through  6  oo  S  mm. 


PercenL 


04 


Cumulative 
PerctsDL 


Percent 


o.a 


Cumulative 
Percent. 


T&rougb  8  mm. 


Perc«Qt. 


CitmiitatfTQ 
Percent. 


TbtAl. 


lOO.i 


100  1 


0.7 


•  Tb«  signiflcaoce  of  ibe  colunina  heade<l  "  Cuxmilnttve  perctjut.  '  is  i-^xpl&foed  in  |  B88-|  800. 


1             TABLE   209.— SIZING  TESTS    OF   TROMMEL   PRODUCTS 

FBOM 

MILL 

28.* 

L 

Milt  Sisea. 

Feed. 

Throujfb 

40  on  85 

mm. 

TbrouKli 
25  on  10 

Through 

16  on  Vi 

mm. 

Throygh 
ri  00  8 
mm, 

ThrotiRh 
Sonfi 
mm. 

Throui-'h 

3  on  8.5 

mm. 

Thrngb 

3.5  on  a 

mm. 

Tiir^ugh 
Smiu. 

Bbb«roori«  r.S7. 

1 

8 

3 

4 

5 

6 

7 

8 

9 

TlwtWKii 

6.0 
16  6 
13.8 

9.S 
8.S 
♦5.2 
4-7 
2.W 
1-7 

1.6 
l.a 

0.4 
I.O 
1.5 
Of? 
l.fl 
0.8 
3-1 

'H 

ft  u 

1 

•i 

3) 

3  c! 

^ 

J 

i 
1 

III 

1^ 

i 

If 

i 

Il 

A 

5** 

41 J     QQ81.9     mm. 
m.t     -  «  8      *' 
tt.9      "   16  0        ** 
lt.O     "  11, :r      *• 

MS      **     8.08      " 
8.08      *     6.61      - 
8,01     "     8.84      " 
8.94     -     8.00      - 
1.88    »*    \M      " 
180    ♦*     1.49      ** 
L4e    •»     0045     *• 
0.91S  "    0.007     •» 
O.OBT  **     0.198     '* 
0.498  **     0.871     " 
0.171   "     0.870     *' 
OITO  "     OT.'W     *' 

o.jaa  '*   0  119    ■» 

O.IJO  *'     0.073     ♦' 

•low  "    OOOO    ** 

•W, ......  .,,...... 

~ 

.55.  B 

ni  s 

77 ,  n 
81.7 

88  5 
90  t 

100. 0 

100 

17,9 
82.1 

17.9 
100 

. 

.... 

4.5 
91.9 

0.6 

43 
99.4 
100 

.... 

86.0 
1.6 

63.4 
96.4 
100 

: 

.... 

■  *  ** 

fse.o 

40.4 
0.6 

58.9 

oa.a 

99.t) 

0.8 
78,0 
W.7 

0.3 
78.8 
100 

.... 

.... 

1 

51.0 
44.3 
4.3 

51.0 
Q5.8 
99.6 

SL» 
10.8 
18.7 
5.0 

13.8 
3.8 
ft. ft 
0.9 
4.4 

99.8 

.... 



.... 

.... 

^ 

48.1 
56.8 
09  4 

i>l,4 

02.F^ 
«.;« 
06  1 
90  H 

.... 



ri  T 

H.^  1 

; 

.... 

.... 



,... 

H8.ft 
*M  6 

0«,« 

%  4 

mo 

.... 

100,0 

' 

100.0 

».8 



100.0 



m 

^■^ 

.... 

^    Total. 

09.7 

*  *-r  * 

»CO,0 

.... 

^  Tb0  dgn}fli:'ane<e  of  the  oolumnt  beaded  *'  Cumu}atl?e  peFceot."  U  expLainod  Iti  1 863  |  MO. 
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adjustments  of  the  mill  screens.  The  results  are  shown  in  Tabka  208,  209, 
210  and  211.  Before  examining  them  it  will  be  well  to  point  out  the  canees 
of  unsatisfactory  work.  If  the  screen  holes  are  smaller  than  they  are  rated,  the 
oversize  product  will  contain  an  excessive  amount  of  fines;  while  if  the  hdes 
are  larger  the  oversize  will  appear  to  be  more  free  from  fines  than  it  should, 
and  the  next  smaller  oversize  will  contain  larger  grains  than  it  should.    If  the 

TABLE  210. — SIZING  TESTS  OF  TROMMEL  PB0DUCT8  FROM  MILL  30.* 


Number  od  Fig.  53D. 


Thnki4gfa  SI  .9     OQ  2'13     mm 


Mill  Str.es. 


Through  40 

OD  lA  turn. 


B2.3 
16.0 
lt,2 

%.m 

8.91 

1.89 
1.49 

o.»e 

0.4»S 

o.sri 

0.g7U 
0J5S 


11.2 

bM 

3.09 

1.89 

1.49 

0.91& 

0,067 

^Am 

0.871 

n.iM 
o.n3 


U.073    *^     0.iJfl9    " 


Total. 


0.9 


lOO.l 


78  4 
95.4 

99,0 
99,1 
99,S 


Thrcnigli  15 
on  10  turn. 


ig.S 
51.0 
83.3 

a. 7 

1.2 

o.a 

D.9 


0.9 


5 


tB.S 
93.1 

m.% 

^i&  0 
*i.7 
RR.9 
99.1 


Through  1 0    Through  T 
00  7  moL       00  &  Dua* 


7.4 

32.4 
9.0 
3.0 
0.5 
O.S 
0.1 


0.5 


IO0.Q       ......  99.9  ,*......  99.S 


II 


7.4 

B7.5 
99.S 

90.0 
99,3 
99.4 


4.' 
3Q.& 
40.8 
13.S 
9.9 
1.7 
0.4 
0.1 


0.5 


4.0 
40-B 
80.7 
91.3 
97.1 

se.s 

99.S 

99.a 


100.0 


Througti  fi 
OfiSmm, 


211,0 
28.0 

la.i 
i».t 

7.0 
t.« 

0.4 
0.5 
0.4 

0.1 

o.s 


0.3 


f.a 

ss.e 
«.T 

83.S 
9&.3 

«J 
90.0 
10.4 
».6 
60.7 


ThnHtfb 


O.fi 
fl.4 
9.1 

n.5 

14,1 

i,e 

9.7 

a.a 

4.1 
9J 


..«.« 


fj 
tM 
»4 
UJ 
111 
at 
70J 
«Lf 
ffiJ 
UJ 
HI 


^  The  sigrniflcaoco  of  the  columiiB  headed  ''  Cumulative  percent.'*  Is  explained  In  1 80^  9SL 


TABLE  211. — SIZING  TESTS  OF  TROMMEL  PRODUCTS   FROM   MILL  38.* 


Mill  Sises. 

Thr'^ugh  38.1  on 
22.2  mm. 

Through  98.8  on 

Tlirough  9L5  on 
5  mm. 

-""^ssiir 

Number  on  Fig  Ml 

1 

8 

S 

« 

Per- 

cent. 

Cumulative 
Percent. 

Per- 
cent. 

Camulatlre 
Pbroent 

Ptor. 
oeoL 

Cumulative 
Peroent. 

For 
cent. 

PHOSi 

Through  44.8     on  81 .9  mm. 
31.9      "28.3     " 
"        S8.8      •♦  Ifl.O     • 

84.d 

41.2 

29.4 

4.2 

0.8 

84.8 
65.5 
94.9 
99.1 
99.8 

0.4 
17.6 
88.8 
26.0 
15.4 
1.6 
0.8 
0.1 

OA 

18.0 
86.8 

88.8 
97.8 
09.8 
99.5 
99.8 

•••••* 

••        16.0      "  11.9     • 

** 

*•        n.«      '*    8.09  ' 

0.8 

49.0 

88.0 

10.1 

8.8 

1.1 

1.8 

0.8 
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Uw  exact  size  they  are  niled,  t^ome  of  the  following  difficulties  may 
iciXH?n  u  crov^ded  by  too  rapid  feeding;  it  has  too  little  dope  for  its 
H)  little  length  for  its  slope;  it  has  tuo  small  a  percentage  uf  open- 
tie  water  is  used  to  remove  the  adhering  fines;  or  the  holes  are  par- 
Ki  by  the  presence  of  a  large  percentage  of  grains  about  the  size  of 
In  any  of  these  cases  tine  percentage  of  tines  in  the  oversize  running 
ill  sizes  will  be  t<x>  large.     It  should  be  noticed  that  a  certain  amount 

produced  by  abrasion  after  the  screening  is  finished, 
ion  of  the  results  plotted  in   ¥\^,  h'^b.  Chapter  XXI,,  shows  that 
the  oversize  of  the  6-Dim.  screen  contains  24%  finer  than  6  mm.; 
rsize  of  the  3-mnL  screen  contains  7%  finer  than  3  mm.;  but  the 
3-mm.  screen  were   worn  so   that   the  undersize  contained   14% 

3  mm^    These  screens  are  very  long  (124  inches)  and  have  very 

(3*").     The  first  screen  receives  175  tons  of  ore  in  24  hours. 
les  from  Mill  28  were  too  small  in  quantity  to  give  a  fair  representa- 
Work,  especially  the  first  five  (namely  the  feed,  and  the  oversizes  of 
12  and  8-mm.  screens).     For  part  of  the  curves  on  Fig.  537  thc^re 

points  to  be  plotted  that  there  is  some  doubt  as  to  the  direction  of 

This  is  eistpecially  true  when  there  is  no  plotted  point  near  the 
It  line.     However  the  curves  are  sufficient  to  show  that  the  boles 

the  mill  serpens  were  considerably  worn ;   for  example,   the   size 

on  8  mm,"  contains  about  35%  coarser  than  12  mm.;  *Hhrough  6 

contains  about  25%  coarser  than  5  mm. 
ibows  that  in  Mill  30  the  IS-mm.  oversize  contains  67%  finer  than 
10-mm.  oversize  contains  67%   finer  than   10  mjn.;  the  7-mm, 
ains  77%  finer  than  7  mm.;  the  5-mm.  oversize  contains  85%  finer 
,}  and  the  3-mm.  oversize  contains  82%  finer  than  3  mm.     There  is 

that  the  holes  were  enlarged  by  wear.  The  screens  are  arranged 
short  (30  and  40  inches)  and  have  gentle  slopes  (from  3""  to  4°  15'). 
|i9en  receives  260  tons  in  24  houra 

Bhows  that  in  Mill  38  the  22.2-mm.  oversize  contains  34%  finer 
im. ;  the  9.5-ram.  oversize  contains  30%  finer  than  9.5  mm.;  the 
Ize  contains  40%  finer  than  5  mm. ;  and  the  2.5-nm3.  oversize  con- 
her-than  2.5  mm,  TJiesu  screens  are  of  medium  lengtli  (72  inches), 
irate  slope  (4*^  45'  to  5*"  55'),  steeper  than  in  the  other  mills.  The 
receives  150  tons  in  24  hours. 
Mill  28  on  account  of  the  smallness  of  the  samples,  we  see  that  the 

done  by  Mill  22,  and  the  poorest  by  Mill  30,  the  work  of  Mill  38 
H  the  two.  Looking  for  the  causes,  we  find  that  Mill  30  is  treat- 
ore  ore  than  the  others;  it  is  using  tandem  trommels  (which  Mills 
D  not),  a  system  which  overcrowds  the  earlier  screen;  and  it  uses 
combined  with  short  lengths.    Better  work  probably  could  have 

all  of  the  mills  if  steeper  slopes,  say  9**,  had  been  used,  and  with 

trommels  of  MUl  22  could  have  been  shortened, 
noticed  that  the  percentage  of  fines  in  the  oversize  of  fine  screens  is 
^ter  than  in  coarse,  the  reasons  for  which  are  explained  in  §  290. 

e  is  surprised  to  see  finer  stuff  in  the  oversize  of  the  5-mm.  than 
aereen.    This  appears  to  be  accounted  for  by  the  fact  that  the 

nor©  grains  of  about  the  size  of  the  hole  than  the  latter  (25% 

%  witliin  the  size  limits  10%  above  and  10%  below  the  diameterB 

»bow8  the  rep  tests  made  by  Prof.  H,  A.  Wheeler,  of  St 

"'Tereize  pn  trommels  at  Iron  Mountain,  Mo,      The 

treating  ilout  8  or  10  pounds  on  the  vei^  iGt^!K:Q& 
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from  which  they  were  taken,  at  a  time  when  the  mill  was  idle  and  therefore 
the  screening  could  be  done  accurately. 

STABLE  212. — ^TESTS  OF  OVERSIZE  PRODUCTS  OP  TROMMELS  AT  IRON  MOUNTAIN,  MO. 


Orersiie  of 


Larger 

than  the 

Screen 

Holes. 


Oblong 
Grains,  (a) 


Smaller 
than  the 


Holes. 


Slope  of 
TrommeL 


Diameter 

of 

TvoaaasiL 

Inches. 


Effective 

Length  of 

TrommeL 

Inches. 


Revoin* 
tioosper 


9i-inch  noles,   Number  of  grains. 


••       »•    1,  J  Weight 

^ )  Number  of  grains 

M       ..    KJ Weight 

**  1  Number  of  grains 

u       4»    fc  J  Weight 

^  J  Number  of  grains 


Weight. 


„  I  Weight 

I  Number  of  grains 
Number  of  grains 


M-lnch 


Weight. 
^  I  Weight 


t^ 


inch 
inch 


Number  of  grains 
Number  of  grains 


Weight . 
Weight . 


88  ]( 

27 

18 

87 

14 

81 

87 

88 

BO 

48 

67 
41 

68 
40 

48 

18 

85 
85 
88 
11 
88 
88 


61 
29 
27 

89 
22 

19 
20.6 


86^ 
80 


87 
87 

88 
88 


S* 

44 

86 
88 
43 
86 
86 


1«»4B' 


f8B' 


..44.. 

20 

88 

4S 

22 

87 

..47.. 

20 

40 

..57. 

22 

60 

..76.. 

..55. 

..02. 

15 

74 

81 

47 

41 

21 

..68. 

..49. 

..71. 

16 

57 

..61.. 

....... 

..78. 

.81.. 

..79.4 



1»46' 


2O50' 


2«  5' 
2*  0' 


48 
48 

88 

86 
86 
86 


88 
86 


88 
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86 

86 


86 
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80 
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SO 
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86 
SO 
30 
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87 
87 
87 
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44 
44 
44 
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44 
44 

44 
44 

44 
44 

44 
44 

44 
44 
44 
44 
88 
88 

51.6 
51.5 
61.5 
51.5 

47 
47 

47 
47 


85 


0.S 
8ii 
8ii 
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81.5 

a.t 

8S.5 

8S.S 

B.5 
B.t 

B.5 
S.5 

a.5 

B.5 

S 

s 
».& 

90.5 
20.5 
S0.5 

».6 
19 
19 
19 


(a)  These  are  the  long,  flat  grains  that  could  pass  through  the  holes  endwise,  but  not  if  their  msjora 
were  parallel  to  the  screen.    (6)  The  weight  luid  count  weru  made  on  the  same  sample. 
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M.,  Vol.  XXXIV.,  (1886),  p.  139,     Johann  Habermann.     Modification  of  the  Neuer- 
rhttg  trommeU  used  for  fine  screening  (to  0.75  mm,).     Illustrated. 
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combined, 
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•baking  riddles.    Illustrated 
ain^ter'a  Polyt,  Jour.,  Vol.  CCIX 

screen.     Illustrated, 
fngmeeHng,  Vol.  LVIII.,   (1894), 


177 


C.  M.  Percy, 
(1873K  p.  22. 


Details  of  mutually  balanced 
Description  of  Briart's  bar 


p.  263.    An  end  shake  riddle  in  which  the  shock 
is  taken  up  by  an  ingenious  arrangement  of  springs. 

g,  d  Min,  Jour.,  Vol,  XLVIIL.  ( 1889),  p.  249.  Coxe's  gyrating  screen.  Illustrated. 
4*.,  Vol.  LV.,  (1803),  p.  77.  Willtam  M.  Brewer.  A  perforated  spray  pipe  for  the 
•baft  of  a  trommel. 

,  Vol.  LVIII.,  (1894),  p*  270.    Same  as  EnginecHng,  Vol.  LVIIL,  p.  263. 
id.,  Vol,  LXL,  (1896),  p.  278.     Description  of  the  "vibromotor'*  screen.     Illustrated. 
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in,  Ind.,  Vol.  V,,  (1896),  p.  157.    Richard  Cremer.    Coal  ecreening  devices  described 
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dles  and   trommels  compared.      Screen   material.      Trommel   speed.      Submerged 
trommels,  1 

id,,.  Vol.  XLL.  (1671),  p.  485.    John  Darlington.    Dimensions,  speed  and  sieve  sealt^ 
for  trommels  at  several   plants. 
■    Kfii^.  Inat.  Min.  d  MecK  Eng.,  Vol,  XXI-,    (1871-72),  p.  295.     Robert  Miller 
ibcB  the  Hick  revolving  grizzly  bars  for  pcreeninf?  coal.     Illustrated. 
cii^  Vol.  XXXV.,  (1887),  p.  L     E,  Ferraris.     A  riddle  bumping  against  rubber 
and  with  power  transniittcd  through  a  rubber  spring,  to  overcome  jarring. 
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44.  Ibid,,  Vol.  XXXIX.,    (18U1),  p.   5U7.    A.  K&s.    The  Karlik  and   the  Klein  moTing 
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45.  llM.,  Vol.  XU.,  (1893),  p.  73.    A.  K&s.    The  Distl-Susky  screw  grate.    Illustrated. 
49.  ibid..  Vol.  XLIII.,  (1895),  p.  628.    V.  Waltl.    Description  of  the  Oberegger  gyrating 
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47.  Ibid.,  Vol.  XLVIII..  (1900),  p.  229.  £.  Ferraris.  Description  of  the  Ferraris  shak- 
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A».B6h.  Mines  Quart,,  Vol.  XIV.,  (1893),  p.  234.  Translated  from  Aim.  det  Jftsei^ 
Series  VIII.,  Vol.  XX.,    (1891),  p.  24. 
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50.  Zeit.  Berg.  FUii.  u.  Salinenwesen,  Vol.  XXXV.,  (1887),  p.  263.    The  Borgnuum  tod 

Emde  revolving  grizzly  bars.    Illustrated. 
61.  Ibid.,  Vol.  XLIII.,  (1895),  p.  216.    The  Karop,  the  BorgmAnn  &  Emde  and  thi  i» 
proved  Briart  movable  gnzsly  bare.    IlluBtrated. 


CHAPTER  XI. 

CLASSIFIERS. 

JOTION  AND  Classification. — Classifiers  are  devices  for  sub- 
)r  slimes  to  the  action  of  water  under  free  settling  conditions, 
Q  a  series  of  products  diminishing  in  size,  preparatory  to  subse- 
it,  or  to  settle  the  whole  material  as  completely  as  possible  from 

e  a  carrying  current,  by  which  is  meant  a  current  of  water  which 
i  whatever  grains  may  remain  suspended  in  it.  Some  of  them 
5  hydraulic,  or  clear  water  currents  added  from  below.  According 
to  be  served,  the  design  of  the  apparatus  and  the  mode  of  employ- 
urrents,  these  appliances  may  be  classed  in  nine  groups,  as  follows: 

(a)      USING  HYDRAULIC  WATER. 

;h  or  shallow  pocket  hydraulic  classifiers, 
pocket  hydraulic  classifiers, 
lar  hydraulic  classifiers. 

(6)    NOT   USING   HYDRAULIC   WATEB. 

ce  current  box  classifiers. 
}  current  box  classifiers, 
buting  boxes, 
tering  boxes, 
ng  tanks, 
fying  reservoirs. 

Groups  I.,  II.,  and  III. 

ciPLES  OP  Action. — ^These  subject  the  sands,  while  being  moved 
ie  carrying  current,  to  a  series  of  upward  hydraulic  currents, 
acts  in  its  own  pocket.  The  effect  produced  is  that  grains  of  sand 
ry  enough  to  settle  against  the  hydraulic  current,  may  do  so  and 
t  an  orifice  or  spigot  designed  for  that  purpose,  while  the  lighter 
and  carried  forward  to  the  next  hydraulic  current.  A  series  of 
with  their  quantities  of  hydraulic  water  graduated  so  as  to  have 
ipward  current,  will  yield  products  ranging  from  the  coarse  size 
tiie  fine  size  of  the  last,  and  the  finest  grains  will  be  in  the  over- 
last  pocket. 

orifice  up  through  which  the  hydraulic  water  passes  will  be  called 
umn  and  its  size  and  shape  are  of  great  importance  as  affecting 
the  products,  as  in  it  the  true  work  of  separation  takes  place, 
dial  cocks  for  regulating  the  quantity  of  hydraulic  water  is  to  be 
for  restoring  the  conditions  after  flushing  out  the  spigots,  as  well 
ion  to  see  that  the  mill  boys  are  not  deranging  the  machines, 
inlie  water  is  essential  to  good  work.  This  may  be  obtained  from 
nroir  with  constant  level.    Constant  feed  mtet  tot  V!bft  c«xrfv&% 
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current  is  likewise  essential  for  good  work.  A  strainer  to  remove  fibre,  chips 
nnd  lartre,  abnormal  particles  from  the  feed  where  fine  pnlp  is  treated  is  an  im- 
portant adjunct.  This  strainer  mfiy  often  be  required  for  the  hydraulic  water. 
This  fibre  screen  should  be  large  enough  to  run  some  time  without  being  cleaned, 
should  be  arrranged  for  easy  cleaning  and  should  be  cleaned  at  regular  intervals. 

§  296.  Spigots. — The  size  of  the  opening  will  depend  upon  the  head  of  water, 
the  quantity  of  material  to  be  discharged,  and  the  size  of  the  grain.  It  must 
be  large  enough  for  free  flow.  The  spigot  may  be  a  short  length  of  iron  pipe, 
fitted  into  a  perforated  wooden  plug,  and  it,  in  turn,  fitted  to  a  nipple  screwed 
into  the  plank  wall  of  the  classifier.  This  pipe  and  plug  spigot  is  the  simplest 
of  all  forms;  it  retains  its  size  fairly  well;  it  is  cheap  and  instantly  replaced  by 
a  new  one,  kept  in  stock,  and  the  spigot  is  flushed  free  from  obstructions  more 
easily  and  completely  than  with  any  other  form. 

Dial  cocks  are  sometimes  used  for  spigots,  but  they  are  open  to  three  seriou 
objections:  they  are  costly;  they  wear  out  quickly,  so  that  the  reading  lose* 
its  significance ;  and  finally,  the  spigot  is  not,  in  the  opinion  of  the  author,  the 
place  for  an  easily  and  often  used  adjustment.  The  spigot  should  be  set  once 
for  all,  and  the  adjusting  should  be  done  by  the  hydraulic  water. 

A  nipple,  a  bit  of  hose  and  a  pinch  cock  form  a  convenient  spigot,  but  the 
orifice  is  not  circular,  so  that  this  form  does  not  run  so  smoothly  as  the  pipe 
and  plug.  It  oirers  the  temptation  of  adjusting  the  outgoing  stream,  whidi  if 
of  doubtful  benefit,  and  it  is  more  expensive  than  the  pipe  and  plug.  It  has  the 
advantage  that  it  can  easily  be  elevated  to  discharge  at  a  higher  level  if  desfaci 

A  molasses  spigot  which  has  a  swing  gate,  cutting  oflf  part  of  an  orifice  at  the 
flanged  end  of  a  pipe  has  the  disadvantages  that  it  wears  rapidly,  does  not 
form  a  round  opening,  and  it  introduces  the  adjustment  of  the  spigot  discharge. 

A  triangle  and  gate  is  practically  the  same  as  the  molasses  spigot,  except  that 
it  uses  th(i  sliding  gate;  and  the  orifice,  whatever  may  be  its  size,  is  always  an 
equilateral  triangle. 

The  rising  discharge,  or  goose  neck  (see  Fig.  254c),  is  a  scheme  for  using  a 
larger  pipe  for  the  spigot,  since  small  spigots  under  high  head  are  liable  to 
choke  with  filjre  unless  the  water  has  been  through  a  fine  screen.  The  goose 
neck  discharges  the  spigot  product  at  a  higher  level  than  that  at  which  it  leafes 
the  classifier,  thereby  diminishing  the  speed  of  flow  and  allowing  a  larger  pipe 
to  be  used.  Owing  to  the  fact  that  a  spigot  stream,  overcharged  wiUi  sand, 
will  certainly  choke  this  kind  of  a  spigot,  it  cannot  be  used  except  with  veij 
fine  sand,  and  then  only  by  one  who  thoroughly  understands  its  use.  An  X 
below  and  a  T  above,  both  with  plugs  in  them  (see  Fig.  2776),  will  allow  it  to 
be  flushed  out  thorouglily  in  all  parts.  It  can  probably  be  run  with  less  water 
than  the  short  i)ipe  and  plug  spigot,  and  it  saves  mill  height.  It  may  be  made 
with  adjustable  cnhinin,  cither  as  a  hose  or  as  an  iron  pipe  turning  upon  an 
elbow  thniad  at  the  bottom. 

Linkenbach^^  descril^es  a  spigot  discharge  consisting  of  a  disc  with  holes  of 
varying  diameters  arranged  concentrically  around  its  center.  The  disc  rcYohtf 
in  front  of  and  close  to  the  end  of  the  discharging  pipe.  Thus  a  larger  or 
smaller  hole  may  be  rotated  into  line  and  the  amount  of  discharge  varied  accord- 
ii^gly. 

In  Mill  28  a  nest  of  two  removable  flanged  thimbles,  «t 
into  the  top  of  the  spigot  pipe,  as  shown  in  Fig.  233,  is  nsed 
in  the  nnwatering  boxes.  If  the  smaller  does  not  discharp 
a  sulTicient  amount,  it  is  removed  and  the  larger  then  coft* 
stitutes  the  spigot.  If  a  still  larger  opening  is  desired,  tbe 
larger  thimble  may  also  be  removed  and  the  pipe  itself  fon* 

WO.  233.        the  spigot. 
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§  297.  PuRPOSB  AXD  Essential  Qualities. — Hydraulic  classifiGrs  of  a  great 

ir\t»%y  of  form8  are  used  for  handling  the  products  which  are,  in  the  judgment 

\\  ril  men,  too  tine  to  size  eennomically  with  screens,  and  the  products 

1  form  a  decreasing  series  ditfering  from  those  of  the  screens  in  that 

By  arv*  not  trulv  sizt^d  but  sorted  products,  obeying  approximately  the  various 

rg  of  free  settling  in  w^ter  given  in  Chapter  XIL     The  spigot  products  are 

I  almot^t  every  instance  treated  on  jigs.     The  fine  ovurtiow  of  the  las^t  hydraulic 

mc-nt  is  usuiilly  sent  to  the  box  chn^sifier;  then  to  vanners  or  tables,  or  occa- 

Hjf  to  jigs;  it  is  often  sent  directly  to  these  machines. 

TABLE    213. — SIZES    OF    FEED    TO    HYDRA tJLIC    CLASSIFIERS. 


haffnf  Mszimum  Qmln 
*              la  Feed. 

Number  of  Mills  thnt  hUTc 
Uu3  Size  of  Feed. 

Sixe  of  Maximum  QraiD 
in  Feed. 

Number  of  Mills  that  have 
cblBi3i£eof  Feed. 

Xm. 

•    «.o 

is 
rt 

Inches. 

0.90 

o.ft 

0.13 

0.10 
0.09 
O.ijB 
O.GO 

9 
1 
S 

s 

10 
8 

J 

9 

Mm. 

t.S5 

1.88 

0.88 

0.885 

6  mesh. 
10  mefth. 
12  mesh. 
14  mesh. 
S4  or  80  mesh. 
30  mesh. 

Inches. 
O.OS 
0.018 

o.oes    , 

0.085 

j 

i,0 

1    is 

■    tJ 

■    i.o 

1    i'& 

LL! 1 

I  The  pizes  fed  to  hydraulic  clafrsifierH  in  the  milk  are  given  in  Table  213. 

shown  in  Table  213,  the  size  of  the  maximum  grain  in  the  feed  material 

agee  from  5  mm.  down  to  0.635  mm.     That  in  the  final  overflow  ranges  per- 

^froni  0.50  mm,  down  to  0.25  mm.  (see  §  352).     Linkenbach  recommends 

as  the  best  maximum  grain  to  feed  to  hydraulic  classifiers  and  0.25 

'lie  best  maximum  size  of  grain  in  the  overflow.     For  a  discussion  o£ 

limit  of  classifier  work,  the  reader  is  referred  to  §  286* 

following  are  the  essential  qualitiei?  of  a  good  hydraulic  classifier,  which 

be  borne  in  mind  in  designing  or  studying  this  form  of  apparatus:  (1) 

[nbotitd,  in  mill  phrase,  %e  able  to  stand  up"  and  do  good  w^ork  with  little 

(2)  The  rising  current  in  the  sorting  column  should  rise  with  uniform 

tjity  over  all  parts  of  any  given  horizontal  section.     (3)   It  should  require 

lill  height.     (4)   It  should  be  capable  of  easy  and  positive  adjustment* 

should  not  require  an  excess  of  water  which  may  dilute  the  pulp  too 

1^     (6)  It  should  be  capable  of  being  fed  and  discharged  continuously. 

I.  The  TROtiQH  or  Shallow  Pocket  Hydraulic  Classifiers. 

^8- — These  have  a  nearly  horizontal  carrying  current  which  is  retarded 

atarily  over  any  given  sorting  column  just  long  enough  to  allow  the  proper 

^ds  to  drop  out,  and  then  is  passed  on  to  the  next.     In  order  to  get  this 

at  of  retardation,  shallow  pockets  built  in  the  bottom  of  the  trough,  may 

i^  or  small  dams  or  riffles  may  be  placed  just  beyond  the  sorting  columns, 

"c?ombination  of  deflectors  over,  and  dams  beyond  the  sorting  columns,  or 

*r,  the  classifier  may  be  set  so  nearly  horizontal  that  a  layer  of  sand  collects 

lie  bottom  in  which  shallow  pockets  form  over  the  sorting  columns, 

are  adapted  for  the  classification  of  coarser  sizes  of  sands.     They  all 

[>re  or  less  the  quality  of  allowing  any  one  spigot  to  be  plugged  a  few 

for  example  w^hile  a  jig  is  being  skimmed.     In  this  caee  the  product 

^lliould  ij*suc  fn:>m  (he  plugged  spigot  is  carried  on  to  the  next  without 

the  mill  work  to  suffer  serioug  chrangemcnt    The  various  forma  will 

tip  and  described  in  detail. 
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§  299.  Tub  Lake  Superior  Hog  Trough  Classifier — Old  Form.— (For 
new  form  see  Figs.  236a-236c.) — This  is  a  trough  hydraulic  classifier  consifit- 
ing  of  two  V  troughs,  a  smaller  within  a  larger,  with  surfaces  parallel  and  tops 
on  the  same  level.  The  carrying  current  runs  the  whole  length  of  the  inner  V 
trough  which  has  a  slight  slope  for  that  purpose.  The  space  between  the  two 
troughs  is  used  as  a  pressure  box  and  is  usually  divided  by  cross  partitions,  fio 
that  the  hydraulic  water  and  therefore  the  pressure  in  the  pressure  box  for  each 
of  the  spigots  is  kept  independent  from  that  of  all  the  others.  The  upper  end 
of  both  troughs  is  headed  up  water  tight,  as  is  also  the  lower  end  of  the  pressure 
box.  The  hydraulic  water  flows  from  a  pipe  with  a  regulating  valve  into  the 
open  top  of  the  pressure  box.  The  several  sorting  columns  consist  of  longi- 
tudinal slots  cut  in  the  bottom  of  the  inner  trough.  These  are  usually  ^  inch 
wide  and  increase  in  length  toward  the  tail  end  of  the  classifier.  The  spigot 
pipes  and  plugs  are  placed  adjacent  to  the  slots  at  one  side  of  the  apex  of  the 
outer  V  and  discharge  their  products  directly  upon  the  feeding  aprons  of  the 
jigs.  This  classifier  often  has  a  receiving  box  at  the  upper  end  to  take  the  weir 
of  the  feed  sand  and  deliver  the  stream  quietly  to  its  first  pocket. 

This  classifier  has  been  used  for  treating  sand  from  steam  stamps  which  has 
been  through  round  holes  xV  i^^^'h  in  diameter.  This  classifier  has  a  serious 
defect  in  that  it  is  not  a  positive  apparatus.  The  increase  of  hydraulic  water 
does  not  increase  proportionally,  and  instantly,  the  pressure  in  the  pressure  box, 
but  does  so  gradually.  After  adjusting  the  water  one  must  wait  to  ascertain 
the  effect  of  it.  Also,  if  much  water  is  used  on  the  first  hydraulic,  the  sand  is 
liable  to  bank  over  the  first  sorting  column  until  the  head  has  increased  in  the 
pressure  box  enough  to  burst  through  and  send  material  to  the  second  slot, 
where  it  does  not  belong,  thereby  deranging  the  work.  This  inability  to  con- 
trol hydraulic  wntcr  tends  to  send  down  fine  stuff  into  the  earlier  spigots  and 
may  even  send  coarse  to  the  overflow.  This  classifier  uses  more  water  than  the 
positive  forms.  The  details  of  it  in  the  mills,  as  obtained  by  the  author,  are 
given  in  Table  214. 


table   214. — DETAILS    OP   LAKE   SUPERIOR   CLASSIFIER. 
Abbreviations —Dej?.= degrees;  Ft.=feet;  Gal.=galIoDs;  lD.=inche8;  Min.=miDute;  No.=i 
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(a)  Steam  stamp  stuff  4.76  mm.  to  0.  (b)  Spigots  to  Jigs:  overflow  to  slime  tables  by  unwaterer.  (c)Ukf 
Superior  practice  from  Rolker^^.  (d)  There  are  two  hydraulic  pipes,  one  for  No.  1  qpigot,  and  ooe  for  Hoi*  ii 
8  and  4  spigots,   (e)  Spigots  to  jigs;  overflow  to  slime  table. 


The  Rand  treattKl  and  the  water  used  in  Wi\h  45  and  46,  as  given  by  H.  S. 
Munroo,"**  arc  shown  in  Tables  215  and  *^10  respeetively.  The  ratio  of  the 
volume  of  water  to  the  volunie  of  sand  lia-*  been  calculated  by  assuming  the 
specific  gravity  of  the  ore  to  be  3. 
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which  at  intervals,  are  placed  pockets  B,  generally  four  in  number,  near  the 
bottom  of  which  the  ore  is  subjected  to  the  action  of  the  hydraulic  water.  For 
each  pocket  the  hydraulic  pipe  C  and  spigot  pipe  D  are  both  horizontal  and 
their  axes  are  in  the  same  line.  By  decreasing  or  increasing  the  hydraulic 
wat^r,  respectively,  as  much  or  as  little  of  the  sand  as  is  desired  will  be  dis- 
charged.  In  fact  the  spigot  cuts  a  core  from  the  center  of  the  hydraulic  stream, 
leaving  the  remainder  to  form  an  upward  current  in  the  pocket.  The  greater 
the  amount  of  the  hydraulic  water,  the  less  will  be  the  quantity  and  the  heavier 
the  quality  of  the  sand  which  is  able  to  penetrate  the  walls  of  this  current  and 
go  out  of  the  spigot. 

As  used  at  Mill  44,  the  classifier  is  made  of  IJ-inch  planks  and  is  14  feet, 
10  inches  long,  8  inches  wide  at  the  feed  end,  widening  to  12  inches  at  the  tail 
end.  Its  sides  are  11 J  inches  high  at  the  feed  end  diminishing  to  8 J  inches  at 
the  middle  of  the  second  pocket  and  continuing  8J  inches  to  the  tail.  It  has 
four  pockets.  The  length  of  these  are  respectively  24,  24,  21^  and  20  inches; 
the  depths  are  all  11 J  inches;  the  length  of  the  bottoms  are  15,  15,  13  and  18 
inches.  The  sides  of  the  pockets  and  of  the  trough  are  all  vertical.  The  dis- 
tances between  the  pockets  are  24^,  28^  and  25  inches.  These  distances  are, 
however,  simply  a  matter  of  convenience  to  suit  the  position  of  the  jigs.  The 
receiving  space  E  is  about  3  feet  3  inches  long  to  give  time  for  the  particles  to 
arrange  themselves.  The  total  length  is  18  feet,  including  9^  inches  for  the 
overflow  spout  F  at  the  end.  The  hydraulic  pipes  are  1  J,  IJ,  1,  and  1  inch  in 
diameter  and  formerly  entered  through  a  stufhng  box  Q  on  one  ^ide,  allowing 
adjustment  toward  and  away  from  the  spigot.  The  best  position  having  been 
found  by  experiment,  elbows  are  now  used  instead  of  stuffing  boxes.  It  was 
found  that  the  liydraulic  C  used  too  much  water  in  the  first  two  pockets.  To 
correct  this,  the  size  of  the  opening  is  reduced  to  ^  inch  by  a  perforated  wooden 
plug  which  works  well.  Spigots  of  the  ordinary  pipe  and  plug  form  are  used. 
At  one  time  J,  J,  i  and  J  inch  diameter  for  the  four,  were  used.  Later,  J,  J, 
g  and  f  inch  diameter  of  spigot  pipes  for  the  four  were  found  satisfactory.  The 
plugs  are  in  all  cases  2  inches  in  diameter.  The  spaces  between  the  hydraulic 
and  the  spigot  pipes  are  respectively  2 J,  2i,  3  and  3  inches  for  the  four.  The 
effect  of  increasing  the  distance  is  to  let  more  sand  discharge,  of  diminishing  it 
is  to  make  the  sorting  more  perfect  even  to  the  point  where  it  ceases  to  be 
economical.  The  centers  of  the  hydraulic  and  spigot  pipes  are  IJ  inches  above 
the  bottom.  Adjustable  shields  //  of  cast  iron  are  attached  to  the  walls  ju&t 
over  the  spigots  to  break  the  ni)ward  current  and  to  distribute  it  near  iho  M- 
tom  of  the  pocket  so  as  to  loosen  up  the  sand.  The  shields  of  the  first  and 
second  pockets  are  flat  and  are  (>  inches  wide  and  extend  2J  inches  from  the 
wall.  Those  of  the  third  and  fourth  an^  arched  with  3J  inches  span,  and  31 
inches  height  extending  3i  inches  from  the  wall.  The  crown  of  the  arch  is  ex- 
tended li}  inches  further  and  is  IJ  inches  wide. 

Sometimes  deflectors  extending  across  the  width  of  the  trough,  are  used  to 
force  the  carrying  current  down  into  the  pockets  and  help  to  keep  the  sand 
loose.  In  Mill  26  this  deflector  extends  to  within  6  inches  of  the  bottom  of  the 
pocket  and  is  3  inches  beyond  the  edge  of  the  pocket. 

This  classifier  is  used  for  treating  steam  stamp  stuff  crushed  through  a  screen 
punched  with  ^-inch  (4.76-mm.)  round  holes,  or  for  the  undersize  of  the 
last  trommel  (see  Table  217).  For  the  former  it  treats  60  to  65  tons  in  24 
hours,  using  700  to  800  gallons  of  hydraulic  water  per  ton  of  ore,  and  yielding 
approximately:  No.  1  spigot  (J-inch  diameter),  20  tons,  coarse-heavy;  No.  2 
spigot  (3-inch  diameter),  12  tons,  coarse-light;  No.  3  spigot  (J-inch  diameter). 
S  tons,  medium ;  No.  4  spigot  (^-inch  diameter),  5  tons,  fine;  overflow,  15  tons, 
slirnos.     Its  dimensions,  as  lowivd  \\\  \\\^  mvlls^  are  shown  in  Table  217. 
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This  is  a  positive  classifier  which  responds  instantly  to  the  hydraulic  water. 
It  was  designed  to  take  the  place  of  the  old  Lake  Superior  hog  trough  classifier 
and  was  the  fi^rst  positive  trough  classifier  used  in  this  country.  It  also  has  the 
advantage  that  the  water  from  the  spigot  is  discharged  under  little  bead,  and 
the  classifier  uses  very  little  mill  height. 


f  TABLE    217»— RICHARDS-COGGIN    HTDRAULIC    CLA8SIFIEE, 

Abbrevf&tionft,— 4igt.  tank.  =  distributing  tank;  FL.=feet;  Heb.  pr.^rHebcrli  mill  product;  lii.=!nches; 
mm  =^tiimimeters;  No.  =  number;  Ov.=; overflow;  b1.  t.=8Unio  table;  Sp.  =  spigot«;  Sun,  stp.r^steam  ^tamp; 
tf- =  trommel ;  Uq. —undersizeof;  van.  =vanners;  w.  cjTiL==wholt;  ourn^nt  bojc. 
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in)  Cock  on  Ui-loeb  pipe,    ib)  Six  Inches  lonif,  5  tnchee  wlile,  S  inches  above  botiom.    (c)  To  iipigot.   id) 
Depth  of  Uyor  of  wat«r  and  naiid  tJ  iM  inches,   (e)  One  and  ose  qoiiner  Incbes  wide.    ( /)  Same  m  preceding. 

|i  §301.  The  Evans  Classifier.— This  is  a  trough  classifier.  At  Mill  38 
■eee  Figs.  235a-235c)  it  is  15  feet  11  inches  long  with  flaring  sides.  At  the 
Mad  end  it  is  13  inches  wide  at  the  top),  9  inches  at  the  bottom  and  10  inches 
deep;  at  the  tail  end,  16^  inches  wide  at  the  top,  13  inches  at  the  bottom  and 
13  inches  deep.  The  slope  is  I''  20',  or  about  J  inch  (0.278  exactly)  fier  foot. 
For  the  sorting  columns  it  has  four  round  holes  A  4  inches  in  diiimeter,  and 
etanding  vertically  in  these  holes  are  the  hydraulic  pipes  B  bringing  the  water 
from  above.  Upon  these  pipes  are  sleeves  C  held  at  the  desired  height  by  thumb 
screws  D,  and  at  the  bottom  of  the  sleeves  are  circular  horizontal  discs  E  4| 
inches  in  diameter.  By  elevating  or  depressing  these  discs  the  area  of  the 
annular  opening  which  forms  the  t^orting  cnhmm  cun  be  varied  at  will  Tlie 
quantity  of  hydraulic  water  also  can  be  varied  by  a  valve  F,  Beneath  each 
hole  is  a  pressure  box  G  of  cylindrical  sliape,  4  inches  in  diameter  and  9J  inches 
deep.  In  the  side  of  each  pressure  box,  3f  inches  above  the  bottom,  is  a  round 
hole  -ff  li  inches  in  diameter  for  the  spigot  plug.  At  distances  of  0,  7,  8  and 
16  inches  respectively,  beyond  the  center  of  each  sorting  column  are  cross  dams 
K  4,  5,  6  and  10  inches  high  respectively.  There  is  also  a  cross  dam  L  3  inches 
high,  8|  inches  before  the  first  sorting  colunm,  which  makes  a  dead  box  to 
"eliver  the  feed  quietly.  The  sand  running  Ihrougli  this  troudj  fills  all  the 
fi  up  to  the  level  of  the  tops  of  the  dams  with  permanent  solid  banks  leav- 
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^.  ■  f^  around  each  hole  in  which  the  separation  takes  place. 
1  either  by  tilting  the  whole  classiiicr  or  by  altering  the 
le  dams  6o  as  to  increase  or  decrease  the  slope  as  desired*  For  nsee 
tons  as  found  in  the  mills,  see  Table  218. 
Phe  capacity  at  the  Atlantic  mill  of  a  classifier  of  presumably  about  the  same 
as  those  in  the  table,  was  66  tons  per  24  hours,  treating  steam  Btamp  stuff 
sing  through  4.76-nim.  round  hole.  The  quality  of  its  work  was  found  at 
"  40  to  be  practically  the  same  as  that  shown  by  the  sizing  test  of  the  Carkeek 
dassifier  (eee  §  315).  Sizing  tests  of  the  products  of  the  No.  1  hydraulic  classi- 
ier  of  Mill  aS  are  given  in  Table  256. 

TABLE  218.— EVANS  HYDRAULIC  CLASSIFIER. 
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lOer.   (/)  apii^ofit  to  Jigs;  oveiilow  to  No,  8  wiiole  current  box  olflismer. 
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form  of  the  Lake  Superior  classifier  (see  §299).  The  construction  is  in  all 
respects  the  same  as  the  latter  except  that  the  space  A  between  the  outer  and 
inner  V  troughs  is  blocked  up  air  tight  at  the  top,  by  a  strip  of  plank  B  held  by 
horizontal  bolts.  The  effect  of  this  change  is  to  use  the  confined  air  as  a  cushion 
and  to  make  the  classifier  much  more  nearly  a  positive  classifier  than  is  the  old 
Lake  Superior  form. 

Table  219  gives  the  practice  in  the  mills.  There  are  a  few  yariations  which 
should  be  noted:  In  Mills  33,  36,  42,  43  and  46  the  slots  are  all  longitudinal, 
and  the  trough  has  no  obstructions  in  it.  In  Mills  39  and  41  the  bottom  of  the 
trough  is  flat  and  somewhat  wide,  the  slots  run  across  the  bottom,  and  beyond 
the  slot  is  a  dam  or  riflBe.  In  Mill  39  the  bottom  of  the  trough  is  3  inches 
thick ;  the  dam  between  the  two  slots  is  10  inches  high  and  that  at  the  lower  end 
is  9  inches  high.  The  dams  of  Mill  41  are  much  lower.  In  Mill  39  the  planks 
of  the  outer  V  arc  held  together  by  wooden  buckstaves  1^  inches  thick  and  about 
7  inches  wide.  Used  as  No.  1  classifier  in  Mill  46  the  capacity  is  58  tons  in  24 
hours. 


TABLE  219. — ANACONDA  HYDRAULIC  CLASSIFIER. 

Abbrerlatloni.— Ft.=feet;   hyd.=bydraulic;  In.sinches;  J.  H.=jijc  hutches;  No.s:Damber;  Ot.sot» 
•rof;  tr.=tromiTn»l;  Un.=undersizeof. 
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(a)  No8.  8  and  4  cloasiflere  of  this  rail!  do  practically  th 
that  toey  have  but  four  spigots  each,  (b)  This  classifier  is 
and  eleven  spigotA.  (c)  4  inches  at  bottom,  (d)  6  inches  at 
OO**.    (o)Trianp;le  and  gate,    (h)  Spigots  to  Jigs;  overflow 


the  same  work  as  No.  1,  and  are  similar  to  it  enepC 

is  made  in  three  divisions  and  has  altoeether  liz  riott 

at  bottom.    (e)S5inche8at  head,  19at  Uil.  (/)Aboil 

*  ■      -   '.   (Olloil 


(h)  Spigots  to  jigs;  overflow  to  No.  1  surface  current  box 


and  2  spigots  to  Jigs;  No.  8  spigot  and  overflow  to  No.  1  surface  current  box  classifier.  (J)  Spigots  to  K 
overflow  to  No.  2  hydraulic  clas'iifler.  {k)  Spigots  to  jigs;  overflow  to  No.  1  whole  current  box  cUtfiifler.  W 
Spigots  tn  jigs:  overflow  to  No.  1  whole  current  box  classifler  by  No.  1  unwaterer.  (m)  Si^gota  to  Jigs;  «**' 
flow  to  Rlime  tables  by  No.  1  distributing  tank.  •^ 


C.  W.  Goodale,"  in  discussing  the  losses  in  jig  tailings,  has  given  some  sixing 
tofits  showing  the  imperfections  of  the  classifier  work  (see  §462). 
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.'t03.  Tub  Taaiar^^ck  Ci^ssifieu. — Tliis  is  a  hydraulic  classifier  with  ver- 
al  or  fljinng  ^rdeg,  with  tlai  hHttom,  with  pressure  boxes  hflow  and  with  slots 
[intng  across^  tho  bottom  which  arc  of  special  construction,  m  that  they  can 
t  varied  in  wiHtb, 
Table  %%Q  gives  the  practice  in  tlie  mills*  Special  notice  should  be  taken  of 
slots  and  the  hydraulic  pipes.  In  Mills  40  and  48  (see  Figs.  S237a  and 
J'b),  there  is  a  rectangular  hole  A  several  inches  wide,  running  across  the 


^ 


2Zta, — PABT      OF      LONGITUDINAL 
SECTION  OF  TAMABACK  CLASSIFIEK, 


FIG.   2376.— CB0S8  SECTION, 


f>]e  width  of  the  classifier.  Covering  this  hole  is  a  plate  B  12  inches  long, 
inches  wide  and  \  inch  thick.  It  iis  so  hinged  at  the  down  hill  side  of  the 
^p  that  when  it  is  slightly  raii?ed,  it  presents  an  adjustable  slot  facing  the 
iiiig  stream  and  extending  the  whole  width  of  the  classifier.  It  is  adjusted 
a  rertical  rod  C  with  a  nut  D  which  suspends  it  from  a  cross  bar  E,  In 
liUl  47  the  hole  is  7X4  inches  and  the  hinged  plate  is  replaced  by  two  plates, 
permanently  fastened  to  the  bottom,  leaving  a  fixed  slot  between  tliem, 

TABLE   220. — DETAILS   OF   TAAIARACK    HYDRAULIC    CLASSIFIER, 
AbbiwiatioDs.— Ft.=feet;  lo.srlnches;  mni.=mllUineter8;  Sim.  stmp.-Ste&mat&cop. 
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^■ti  ItiUa  AB  and  48,  in  order  to  slacken  the  current  and  distribute  the  pres- 
PSe  eqttally  in  the  pressure  box  F,  the  hydraulic  water  is  brought  in  through 
i^nd  pipes  O  3  inches  in  diameter  with  eagy  elbows  and  open  tops,  which  extend 
^ore  the  top  of  the  classifier.  The  hydraulic  water  is  fed  into  the  top  of 
^ke  stand  pipes  by  hydraulic  pipes  H  and  is  regulated  by  valves.  The  heightp 
Wthe  §ti«Hi  pipes  above  the  spigots  and  the  size  of  the  hydraulic  pipes  are 
if«&  in  Table  221. 


(a)  In  A  IH^cli  plu^.    {b)  Sptgota  to  jigs;  overflow  to  Blime  tttblM  by  No.  1  disirfbuting  Unk. 
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TABLE   221. — HEIGHT  OF   STAND   PIPES   AND   DIAMETER   OP    IIYDRAUUC  PIPB8  01 
TAMARACK   CLASSIFIER    IN    MILLS   46   AND   48. 


No.  of  Spifj^ot  in 

a  Four-spigot 

Classifier. 

No.  of  Spigot  in 

a  Six-spigot 

Clasidfier. 

Height  of  Stand 

Diameter  of 

Hydraulic  Pipe. 

Inches. 

1  and  2 

1  and  8 
Sand  4 
Sand  6 

2          4 
8          0 
2          0 

■s 

Sand  4 

The  amount  of  hydraulic  water  and  sand  for  the  classifier  in  Mill  48  whea 
treating  72  tons  of  ore  with  93,600  gallons  feed  water  in  24  hours,  is  shown  in 
Table  222. 

TABLE  222. — TAMARACK  CLASSIFIER  IN   MILL  48. 


Hydraulic  Water  Used 
per  24  Hours. 

Amount  of  Dry  Prod- 
uct Discharged  per 
24  Hours. 

First  spigot. 

Gallons. 
10,9G3U 
10,859^ 

7,999 

5,416 

Tons. 
90 
16 
10 
6 
20 

Secondspigot 

Third  spu^ot 

Fourth  spigot 

Overflow 

§304.  The  Dalton  Classifier.— (See  Figs.  238a-238c.)— This  is  a  trongh 
classifier  and  is  used  in  Mill  37  as  Nos.  1  and  2  hydraulic  classifiers.    It  Im 


FIG.  238a. — plan  of  the  dalton  classifier. 


FIG.  2386. — longitudinal  section. 


pig.  238c.— 
cross  sec- 
tion. 


slots  A  for  its  throe  sorting  columns,  which  run  across  the  trough  and  are 
respectively  6X1  inch,  GXj  inch  and  6X^  inch  in  section.     The  figure  shows 
only  three  sorting  columns,  but  as  now  used  in  the  mill  there  are  four.    The 
h(?ight  of  column  of  uniform  sectional  area  is  IJ  inches  only,  but  these  columns 
are  extended  upward  in  a  wedge  form,  widening  at  an  angle  of  25°  to  a  height 
of  75  inches.     To  prevent  a  troublesome  bank  forming  in  this  pocket  the  open- 
ing at  the  top  is  narrowed  to  2  inches  wide  by  a  piece  of  plate  iron  B  which  also 
furnishes  a  little  dam  for  holding  back  the  sand  from  passing  too  rapidly  ons 
any  given  pocket.     The  width  of  each  of  the  slots  is  adjustable  by  using  a  cast- 
iron  block  C  for  one  side  of  the  opening.     The  figure  shows  this  block  only  an 
the  first  slot.     This  block  can  be  moved  toward  or  away  from  the  other  side  \fj 
lever  D  and  screw  E,  giving  the  slot  the  width  desired.     Below  the  dots  ai6 
the  preBSUie  boxes  F,  in  the  sides  of  which  are  the  hydraulic  and  spigot  pipei. 


In  Mill  37  the  No*  1  classifier  treats  the  unwatercd  undcrsize  of  No.  6  trom- 
mel with  4-mm.  round  hole,  and  No.  2  cki^siiier  treats  the  undersize  of  No,  7 
trommel  3-mm.  round  liole.  Both  deliver  their  four  spigot  products  to  jige 
and  their  overflows  to  box  classifiers, 

§  305.  The  Yeatman  Classipieb.— (See  Figs.  ;e39a-239c.) — This  is  a  trough 
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JglQ.   239a. — LONGITUDINAL  SECTION   OF  THE   YEATMAN 
I  CLASS!  FIEK. 


Flu.     i^39c. 

CROSS     SEC- 
TION. 


FIG,  23S)i, — FLAN. 


^Erifier  with  adjustable  slots  miming  across  the  bottom.  The  width  of  the 
Hts  is  varied  by  a  bevelled  gate  .4  which  is  elevated  and  depres&ed  by  rod  B, 
thumb  screw  C  and  cross-bar  D,  The  sizes  of  the  slots  are  about  8Xj  inch 
and  9Xi  inch  and  the  height  of  the  sorting  column  is  about  2  inches.  The 
gates  being  somewhat  elevated,  serve  as  djims  to  prevent  grains  passing  by  the 
pockets  too  rapidly.     Additional  dams  E  are  put  in  between  the  pockets  to  still 
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FIG,  240a. — NO.  1  HYDKAULIC  CLASSIFIER  AT  MILL  22, 


I 


FIG.  240CT.^ 
CBOSS  SEC- 
TION, 


^P  FIQ.    2406. — PLAN. 

further  accomplish  this  result.  The  hydraulic  water  comee  in  through  the 
stand  pipe  P  under  about  2- feet  head. 

In  Mill  15,  No.  1  hydraulic  classifier  of  this  pattern  treats  the  nndersize  of 
No,  8  trommel,  2-3'mm.  round  hole,  and  sends  spigot  products  to  jigs  and  over- 
flow to  No.  1  surface  current  box  classifier. 

Mill  22  No.  1  hydraulic  classifier  (see  Figs,  240fl-240c),  is  a  modification  of 
the  Yeatman  clasBifier  in  which  the  nropgure  box  is  hopper  shaped  and  the  two 
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end  walls  of  it  arc  double  walls  with  a  space  between,  in  which  the  hydraulic 
water  rii^cs.  The  heavy  sand  falls  into  tlie  inner  hopper  A  and  passes  out 
through  two  end  spigots  BB,  two  side  spigots  CG,  or  out  of  all  four.  These 
spigots  have  plugs  and  nipples  in  them.  This  device  prevents  sand  from  fell- 
ing into  the  hydraulic  pipe  D.  The  classifier  treats  the  undersize  of  No.  3 
tronunel  with  3-mni.  round  holes,  and  delivers  products  of  the  spigots  to  jig? 
and  overflow  to  No.  1  surface  current  box  classifier.  Sizing  tests  of  the  products 
of  this  classifier  are  given  in  Table  253. 

§  306.  Other  HoppER-SnAPED  Shallow  Pocket  Classifiers. — ^In  Mill  17, 
hopper-shaped  shallow  pocket  classifiers  are  used.  No.  1  classifier  has  one  hop- 
per-shaped pocket  (see  Figs.  241a,  241&).  This  is  fed  with  the  undersize  of 
No.  4  trommel  2  mm.  in  £ameter.  The  spigot  product  goes  to  a  jig,  the  ove^ 
flow  to  No.  2  hydraulic  classifier.    No.  2  hydraulic  classifier  has  two  boppeni 


FIG.  211^. 
FIG.     211  r/. — LOXGITUDIXAL 
UYDUAI-LIC     CLASSliaER 

2416. — PiJLN. 


FIG.  2416. 
SECTION'  OF 
IN     MILL     17 


FIG.  242a. 


^M\ 


FIG.  242a 


PIG.  243. — SECTioy  of  thb 

FERRARIS  CLASSIHEB. 


FIG.  2126. 

FIG.     242n. — KOXGTTUDINAL     SECTION-     OF     NO.     2 
HYDUAULIC     CLASSIFIER     IX     MILL     17.        FIG. 

2426. — PLAN.     FIG.  242c. — section  AB. 
One  is  square,  the  other  oblong,  the  latter  having  a  slot  for  its  sorting  column 
(see  Figs.  242a-242c).    It  is  fed  by  overflow  of  No.  1  hydraulic  classifier.   Tke 
spigots  and  overflow  all  go  to  jigs. 

The  No.  2  hydraulic  classifiers  of  Mill  48  are  shallow  pockets  with  ate 
drawing  together  and  a  T  and  plug  discharge  beloiiv,  placed  in  the  aprons  feed- 
ing the  No.  1  jigs.  The  material  which  this  treats  is  the  first  spigot  product  (rf 
No.  1  hydraulic  classifier  (4.76  mm.  maximum  size),  and  the  hydraulic  is  » 
regulated  as  to  draw  from  the  spigot  a  highly  concentrated  copper  product  and 
thereby  lighten  the  work  of  the  No.  1  jigs. 

§  307.  The  Ferraris  Claspifikr  is  u.sed  at  Monteponi,  Sardinia.  It  cofl- 
sists  of  a  pipe  96*  mm.  inside  diameter,  22  meters  long.  The  first  3  meters  rf 
length  bends  by  a  gentle  curve  from  vertical  to  horizontal  with  a  fall  of  abolt 
1.5  m.  The  remainder  is  horizontal  and  straight.  Lateral  bends  would  mib 
eddies  which  would  interfere  with  the  working.  At  intervals,  suitable  for  tl* 
jigs  and  tables,  the  sorting  columns  (see  Fig.  243),  are  placed,  taking  care  not 
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aoy  two  too  dose  to  each  other,  L3  m.  center  to  center  being  the  lca*it 
,e  ghown.     The  fcorting  column  consists  of  a  vertical  cylinder  A  Oaring 
II  lup  and  bottom,  a  removable  spigot  B  having  its  hole  tapenng  toward  the 
H'Hriin^  with  hydraulic  water  fed  into  the  annular  space  C  around  the  sorting 
i  and  brought  into  contact  with  the  pulp  by  an  annular  opening  below. 
^  V.  ich  the  undersize  of  a  5-mnt.  screen  and  delivers  eight  spigot  products 
and  two  bump  tables,  the  overllow  going  to  a  settling  tank  outside 
X     it  receives  240  liters  of  pulp  per  minute,  containing  not  over  17.5% 
d  material  which  is  the  maximum  per  cent,  the  tube  will  carry  without 
Jioking,     The  first  pocket  uses  60  liters  hydraulic  water  per  minute,  of  which 
yi  go  down  and  out,  while  20  rise,  lifting  grains  of  2  mm.  diameter.     The 
^k  pocket  uses  15  liters  hydraulic  water,  of  which  12  go  down  and  3  go  up, 
^■M^ grains  of  0.1  mm.  diameter.     The  others  are  graded  between  the  two. 
^^^■gotB  range  from  16  mm.  diameter  for  the  first  products  to  8  mm.  diame- 
^BHrthe  last*    The  total  hydraulic  water  is  300  liters  per  minute.     The  advan- 
tages claimed  are  compactness  and  the  ease  and  small  cost  of  replacing  the 
wearing  parts^ 

§  3(iS.  The  BigHAEDS  Shallow  Pocket  Hydraulic  Classifier,  designed 
by  the  author,  consists  of  a  rectangular  trough  c  (see  Figs.  244a-:^44c),  with 
pockets  fc  in  the  bottom  and  adjustable  gates  c  dipping  into  them  to  check  the 
beaTier  grains  over  each  sorting  column  d  in  series.  The  sorting  columns  con- 
eifl  of  vertical  iron  pipes  rf  of  a  height  suthcient  for  clean  work — about  three 
limes  their  diameter.  Screwed  to  these  pipes  are  vortex  fittings  f,  giving  a 
vhirling  motion  to  the  hydraulic  water  admitted  at  h,  and  pipe  and  plug  spigots 
9,  to  discharge  the  products.  These  hydraulic  appliances,  shown  in  section  in 
Figa.  tA^d  and  244e,  require  fins  w  and  x  to  arrest  the  whirling  motion  below 
Ihe  Tort*»x  f  and  at  the  top  of  the  pipes  i  respectively.  The  top  fins  x  are 
Deeded  only  when  sorting  fine  grains. 

The  sorting  columns  d,  are  furnished  with  rotation  to  give  helical  paths  to 

Ibe  ascending  water  currents,  which  abolish  any  tendency  toward  downward 

^npf^,,ts  at  one  side,  carrying  light  grains  into  the  spigot  product  or  strong 

)  currents  on  the  other  side,  lifting  over  grains  which  should  be  allowed 

le.     If  any  difficulty  is  found  from  too  light  grains  descendiug  in  the  idle 

if  d,  the  difficulty  is  overcome  by  suspending  a  core  in  this  space.     Other- 

the  core  is  not  used.     The  diameter  of  the  sorting  column  must  be  large 

agh  to  let  the  grains,  destined  for  the  spigot,  pass  down  without  having  too 

a  percentage  of  sand  over  water  in  the  column  at  any  given  time. 

Vitim  data  upon  the  complete  study  of  the  action  of  classifiers  used  in  the 

lU  are  not  at  hand  at  this  writing,  the  author  will  enter  at  some  length  upon 

)putations  in  regard  to  this  classifier.     The  laws  and  proportions  deduced 

rill  be.  in  the  main,  true  of  all  classifiers.     The  quantities  and  sizes  are  true  to 

"^    '     t  of  the  authors  belief,  although  they  have  not  been  proved  by  .experiment 

cases. 

J  basis  on  which  the  computations  are  made  is:  (1)  That  an  ore  of  3.00 

gravity  with  a  gangne  of  quartz,  specific  gravity  2.64,  is  being  treated ; 

iple,  an  ore  carrying  74.5%  of  quartz  and  25.6%  of  pyrite,  specific 

would  have  a  specific  gravity  of  3.00;  (2)  that  one  volume  of  sand 

phere  oeed  at  least  ten  volumes  of  water  to  carry  it  in  the  trough,  in 

:  columns  and  in  the  spigots,  thi?  figure  being  based  on  the  ratio  shown 

in  Tables  215  and  216  of  Lake  Superior  hog  trough  classifier;  (3) 

'*,  oniversftl  for  adoption  are  McDermott's  figures  on  the  capacity 

m^.  of  a   Calumet  clas4?ifier,  treating  material  that  has  pas^.^ed 

K7r)5-nim.)  diameter  round  hole,  at  the  rate  of  60  ton^  in 

g  an  overflow  with  OJ)l  inch  (0.254  mm,)  maximum  diauAft- 
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ter  of  grain,  and  spigot  products  ranging  in  geometrical  progression  as  to  dianu 
ters  between  these  values,  and  yielding  20  tons,  12  tons,  8  tons  and  5  tons  reeppc 
tively,  for  the  four  spigot  products  and  15  tons  for  tiie  overflow;  (4)  that  ai 
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of  4.783  eqiiarc  inches  or  3,087  eq.  mm.  (inside  section  of  a  2i-inch  pipe), 
Bflicient  for  all  the  four  sorting  columns  of  the  average  vertical  current  claesi- 
used  in  the  raiUs  to  treat  the  above  amount.  This  hi^t  figure  is  based  upon: 
Mill  39,  No.  1  sorting  column,  4X^  inch  or  %  square  inches;  Mill  40,  No.  1 
lorting  column,  4x3  inch  or  3  square  inches;  Mill  42,  No.  1  sorting  column, 

[Xl|  inches  or  5  square  inches;  Mill  43,  No.  1  sorting  column,  4X1  inch  or 
eauare  inches;  Mill  4t>,  No.  1  sorting  column,  9x|  inch  or  4-5  square  inches; 
E47,  No.  1  sorting  column,  7X1  inch  or  7  square  inches.     In  regard  to  the 
cf  the  second,  third  and  fourth  sorting  columns  of  the  above  six  mills, 
•  have  the  areas  in  a  decreasing  series,  one  has  the  same  size  for  all  columns, 
:he  other  two  are  slightly  irregular,  but  average  up  about  the  same  throughout. 
-;  which  will  be  given  later,  the  author  has  adopted  the  same  area 
for  all  his  sorting  columns.     Owing  to  the  fact  that   the  helical 
oatli  la  longer  than  the  direct  path  and  the  sorting  column  itself  is  longer  than 


t 
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FIG.  244e. — CROSS  sectiox  on  CD. 
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tW.       244J. — VKliTICAL       SECTION       OF 
VORTEX. 

ioee  of  the  above  vertical  current  classifiers,  a  3-inch  pipe  (sectional  area  7.388 
iquare  inches  or  4,766.5  sq.  mm,)^  and  vortex  is  assmned  to  be  needed  in  this 
dtssifier  instead  of  a  S^-inch  pipe.  An  ore  with  lighter  specific  gravity  than 
}.00  (that  of  the  assumed  ore),  will  have  more  volume  and  will  require  an 
increase  in  sectional  area  of  the  sorting  columns  in  inverse  ratio  to  the  specific 
jravity  or  else  the  capacity  of  the  claesifier  in  tons  will  have  to  be  reduced 
Sirfrtfv  as  the  specific  gravity. 

g  the  above  facta  and  the  average  velocities  of  settling  of  quartz  computed 
^;«p..  i;ible  262,  Table  223  has  been  calculated.     Two  columns  for  the  amount 

LB  223. — MEASURES  OF  A  FOUH  SPIGOT  HYDRAULIC  CLABSIFIER  WITH  SOBTINO 
COLUMNS   OF   3-INOH    PIPE. 
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of  rising  water  are  given.  The  first  makes  no  allowance  for  the  volume  of  sand 
in  the  water  of  the  sorting  columns.  In  the  second  the  volume  occupied  by  the 
sand  has  been  computed  assuming  that  the  mean  velocity  of  the  faUing  grains 
in  the  sorting  column  is  half  that  of  the  fastest  grain. 

With  the  adjustments  indicated  in  the  table^  and  taking  into  account  the 
volume  of  the  sand  in  the  sorting  columns^,  the  quantities  will  be  as  follows:  Ore 
treated  per  minute,  37.88  kilos  (6*0  tons  in  24  hours) ;  feed  water  per  minute, 
126.27  kilos;  rising  water  per  minute,  97.59  kilos;  spigot  water  per  minute, 
94.73  kilos;  total  water  per  minute,  318.59  kilos;  amount  of  water  per  kilo  of 
ore,  8.410  kilos;  carrying  current  of  water  reaching  first  sorting  column  per 
minute,  126.27  kilos;  carrying  current  of  water  reaching  second  sorting  column 
per  minute,  180.84  kilos;  carrying  current  of  water  reaching  third  sorting 
column  per  minute,  205.97  kilos;  carrying  current  of  water  reaching  fourth 
sorting  column  per  minute,  218.19  kilos;  canying  current  of  water  reaching 
overflow  per  minute,  223.86  kilos. 

§  309.  In  regard  to  the  sizes  of  the  spigot  pipes,  theoretically,  the  diameter 
of  the  spigots  to  discharge  any  given  amount  will  depend  upon  the  head  of 
water.  The  column  of  water  pressing  at  the  aperture  of  this  classifier,  wfll  be 
about  20  inches  high  and  will,  theoretically,  ddiver  water  at  a  velocity  of  10.3 
feet  per  second.  Using  a  coefficient  of  efflux  of  0.76*  we  have  a  velocity  of 
7.725  feet  (2,354  mm.)  per  second.  Computing  the  areas  of  spigots  whidi  will 
discharge  the  volumes,  including  weight  of  water,  plus  weight  of  ore  in  Table 
223,  we  find  that  the  diameters  of  pipe  must  be :  20.4  mm.  for  first  spigot  (about 
\i  inch) ;  15.8  mm.  for  second  spigot  (about  f  inch) ;  12.9  mm.  for  tfird  spigot 
(about  i  inch) ;  10.2  mm.  for  fourth  spigot  (about  ^  inch).  Since  the  assump- 
tion of  ten  volumes  of  water  to  one  volume  of  ore  is  a  liberal  allowance,  it  follows 
that  a  temporary  increase  in  sand  can  be  carried  for  two  reasons :  First,  because 
the  spigot  can  discharge  more  sand  in  proportion  to  the  water,  and  second,  the 
water  so  crowded  out  of  the  spigot,  rises  in  the  sorting  column  and  causes  the 
sorting  to  be  more  cleanly  done.  In  case  of  an  extraordinary  flooding  of  the 
classifier  with  sand,  the  plug  can  be  momentarily  withdrawn,  as  is  done  with 
all  classifiers  having  pipe  and  plug  spigots  of  this  class. 

The  above  spigot  pipes  conform  nearly  to  those  that  are  used  in  practice,  as 
shown  in  Table  224,  only  they  are  graded  exactly,  according  to  demand,  and  to 
save  water  instead  of  being  made  according  to  pipe  sizes.  In  every  case  the 
diameter  of  the  spigot  in  order  that  the  grains  shall  not  stick  should  be  at  least 
three  times  the  diameter  of  the  maximum  grain  that  it  has  to  discharge.  In 
most  instances  the  diameters  will  have  to  be  larger  than  that,  to  be  able  to  dis- 
charge the  required  quantity. 

TABLE  224. — DIAMETERS  OF  SPIGOTS  IN  80MB  OF  THB  MILLS. 


MlUNo. 


80 
40 
48 
48 

«{ 

48 


Diameter  of 
First  Spigot. 


Diameter  of 
Second  Spigot. 


Inches. 


Inchet. 


Diameter  of 
Third  Spigot 


Inches. 


Diameter  of 
Fourth  Spigot. 


Referring  to  Table  223,  it  will  be  seen  that  while  the  last  spigot  only  dis- 
charges i  as  much  sand  as  the  first,  the  rate  of  settling  of  this  last  product  ia 
about  i  that  of  the  first  product.  It  follows  that  with  sorting  columns  of  the 
same  area,  the  pulp  in  the  last  column  will  have  to  be  about  twice  as  thick  sb 
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ftt  in  the  first  column*     It  does  not,  therefore^  seem  wise  to  diminieh  the  areas 

the  later  sorting  coIuihtib  and  thus  require  the  pulp  to  be  thicker  still. 

For  comparif^oo  with  the  3-inch  pipe  for  sorting  column  which  is  adopted 

the  above  discussion,  Table  225  has  been  computed  to  show  what  the  yield 

ould  l>e  it*  Fmalier  or  larger  pipea  were  used  for  the  sorting  columns.     The 

«rork  on  other  classifiers  together  with  laboratory  tests  on  small  sizes  of  this 

"ler  indicate  that  these  figures  can  be  reached.     The  classifier,  however,  to 

T4BLB  ^25, — ESTIMATED  CAPACITIES  OF  THE  KICIIARDS  CLASSIFIER  WITH  DIFFEB' 
ENT   SIZES   OF   SORTINQ   COLUMNS, 


Dfiuneter  of 

QnloofQuarU 

in  Product. 

Mm. 

DlAtneter  of  Sorting  Columns,  in  Inches, 

DiritS'Mtioo.  of  Product. 

1 

m 

m 

2 

m      » 

m 

4 

ProductB  Yielded  per  $4  Houra»  in  Tons. 

fyvwflow...  •»**••«*«. ....«•* 

4.T65 
2.960 
MOO 
O.GM 
0.964 

«.38 

O.M 
0.58 
1.76 

4.06 

1.C2 
IM 
8.04 

6,52 
3.31 
2.21 
1.38 
AAA 

g.oo 

6.45 

8.6a 

2.27 
6.81 

ta.o 

7.77 

fi.ia 

8,24 
9.72 

20 
12 

a 

6 
16 

36.6 
16,1 
10,7 
6,70 
20.1 

34.6 
20.7 

18.8 
6.68 
25.2 

T^iiy 

6.W  ; 

13.15 

16.56 

27.586 

88.01 

CO 

io.4 

1C8  a 

do  these  aroountfi  has  to  sacrifice  the  qnality  of  the  work.  For  example  testa 
have  been  made  on  6ome  limonite  tailings  from  Mill  5*  These  were  almost 
all  below  1.5  mm.  in  size  and  almost  all  of  the  fines  had  been  removed  bo  that 

Kfeed  contained  less  than  10%  below  0.159  mm.  Estimating  from  Table 
it  eeems  that  a  IJ-inch  sorting  column  ought  to  treat  this  stuff  at  the  rate 
erhaps  5  tons  in  24  hours.  Table  226  gives  the  quality  of  the  work  for 
rent  rates  of  feed  and  shows  how  the  quality  improves  with  the  slower 
\  of  feed.  The  one  current  tubular  classifier  in  this  table  is  taken  as  stand- 
of  very  nearly  perfect  work.  In  no  case  was  there  anything  in  the  spigot 
uct  below  0.159  mm. 

TABLE   226. — RESULTS   OP   CLABSIFYINO   LIMONITE   ORB, 


RACoof  f««d  In  tons  per 21  boun...*.... ...... 

Aasljiis  of  f ^ed  la  |>eroeoL  Iroo... 

Imooot  of  «pijBoi  pmuct  tn  per  oant. 

Aaatjiila  of  apusocio  per  ceoL  Iron 

Vm  «iBL  of  tpiirot  throng  0.871  on  0.?M  mm. . 
"  w  fgnL  cf  gplgot  through  0.270  on  0. 159  mm.  ■ 


EJchards'  Class! fler  wtth  I^-indh 
Sorting;  Column. 


1.06 

2.11 

a.  17 

6.34 

40.28 

40.28 

40.38 

40.28 

86 

85 

8S 

87.6 

40.48 

47.88 

48.36 

46.2S 

0.2 

0.9 

0.6 

4.1 

0 

0 

0 

1.2 

A  One^Ciurefit 

Tubular  Oaf- 

sifier. 


For  use  in  this  work.  Table  227  has  been  computed  to  show  the  dimensions  in 
"limeteTS  of  various  sizes  of  iron  pipe. 


TABLE   227 

. — lEOK 

PIPE. 

Velocity  per 

MeSU' 

Inside 

DlAinetor. 

InaldeArea. 

Outilde  DlAm«ter. 

Outald©  Area. 

9«coBdduetol 

Kflo  of  WAtAT 

per  Minute, 

l^l^ll^ 

ltt<±m. 

Hm. 

8q.  Mm. 

Inches. 

Mm. 

Sq.  Mm. 

Mm. 

1  ( 

0270 

6.888 

36.26 

0.406 

10.29 

68.16 

461.0 

^ 

0.864 

2.146 

65.02 

0.540 

18.78 

147.8 

253.7 

0.494 

18.05 

128.72 

0.676 

17-16 

281.0 

SJt 

,  1 

O.mB 

16, OSS 

124.65 

0.840 

21.84 

227.7 

66  .€ 

'\ 

0.824 

20.025 

244.25 

1.060 

26.67 

696.6 

S:4 

m   1 

1.04a 

26.62 

666.62 

1.315 

88.406 

878.4 

20.2 

■  ik 

hm 

86.0S5 

266.4 

l.ftW 

48.17 

1J06.7 

17,8 

1  m 

1.610 

40,28 

1,816.4 

1.^30 

48.26S 

i^aS.e 

13.7 

W  9^ 

2.067 

62.fiC5 

2.16S.6 

2.375 

00.S3 

2,806.6 

7.r 

r  <H 

2.4I» 

62.m> 

3,087.9 

2.975 

7^J>1 

4JW.0 

6.4 

r  • 

2.067 

77.^ 

4«786.6 

8  BOO 

89  90 

8,207.2 

8.B 

m 

2.548 

90.18 

6.880.6 

4  ono 

lot .60 

8413.5 

2.6 

4 

4. ♦128 

lfflJ27 

«k218.6 

4  fino 

114.82 

10.2516 

2.0 
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lu  regard  to  the  proportions  of  the  pockets  in  the  trough,  the  depth,  the 
width  and  the  space  between  the  gate  and  dam  should  all  be  not  less  than  tvioe 
the  diameter  of  the  sorting  column.  The  gate  should  dip  at  least  one  indi 
below  the  level  of  the  top  of  the  dam  to  prevent  coarse  stuff  from  passing  over. 
The  area  between  the  gate  and  the  dam  is  preferably  square  and  its  size  is  cal- 
culated so  that  the  carrying  current  plus  the  hydraulic  water  will  have  a  velocitj 
about  equal  to  the  rising  velocity  of  the  water  in  the  sorting  column.  For 
example  the  second  pocket  has  a  carrying  current  coming  to  it  of  180.84  kilos 
per  minute  and  a  hydraulic  current  of  25.13  kilos,  total  205.97  kilos.  To  give 
this  a  velocity  of  104  mm.  per  second  (the  velocity  in  the  second  sorting  column) 

•^         ^u  t  I'        .205.97X1,000,000      ^^^^^ 

it  must  have  an  area  of  cross  section  of iqavaq  —  ^^  33,008  square  mm., 

which  corresponds  to  a  square  of  182  mm.  or  about  7  inches.  This  role  would 
give  the  third  and  fourth  pockets  such  great  size  and  lose  so  much  head  that 
less  dimensions  are  used.  Precedent  for  this  is  found  in  the  classifiers  in  use 
in  the  mills.  The  area  between  the  gate  and  the  entering  side  of  the  pocket 
should  increase  from  the  first  to  the  last  pocket  somewhat  faster  than  the  volume 
of  the  carrying  current  increases.  The  slope  of  the  troughs  between  pockets 
should  be  i  inch  per  foot.  This  will  also  be  sufficient  for  the  feed-sole  except 
where  the  ore  is  heavy  or  coarse  in  which  case  a  greater  slope,  even  up  to  3 
inches,  may  have  to  be  used,  or  else  the  quantity  of  carrying  current  wiU  have 
to  be  increased  beyond  the  ratio  of  10 : 1.  The  capacity  of  the  classifier  de- 
creases in  proportion  to  the  size  of  the  feed.  Thus  if  the  stuff  was  2.289  mm. 
maximum  size,  then  the  capacity  of  a  classifier  with  3-inch  sorting  columns  would 
be  reduced  by  20  tons  (the  amount  of  the  first  spigot  product  in  Table  225), 
leaving  a  capacity  of  only  40  tons. 

Table  228  shows  a  sizing  test  of  Newfoundland  chromite  ore  with  serpentine 
gangue,  crushed  by  rolls  through  20  niosh  and  sorted  inj  small  Richards  hydraulic 
classifier  with  three  spigots.     This  classifier  probably  did  as  good  work  as  can 

TABLE    228. — SIZING    TEST    ON    PRODUCTS    OF    RICHARDS    HYDRAULIC    CLAS8IFIEB. 


Feed. 

First  Spigot 

Second  Spigot. 

Third  Spigot. 

Overflow. 

On  90  moflh  f fliV ••••• 

i 

0.41 
20.55 
14.84 
12.89 
9.87 
9.05 
10.08 
8.59 
4.08 
15.86 

0*0 
13.65 
6.48 
8.73 
1.86 
0.68 
0.86 

0.10 

0^ 
7.21 
8.09 
9.51 
7.88 
8.87 
8.80 
0.88 

[          0.78 

0*0 
0.07 
0.86 
0.64 
1.19 
2.09 
6.10 
1.48 

6.68 

."o 

Through   20  on   80  mesh 

Through   80  on   40me8h 

Through  40  on   50  mesh 

Through   50  on   60  mesh 

Through   60  on  80  mesh 

Through   80  on  100  mesh 

Through  100  on  180  mesh 

Through  180  on  140  mesh 

Through  140  mesh 

0.01 
0.06 
0.07 
0.11 
0.07 
0.89 
0.10 
(         O.0S 
\        15.01 

* 

Total 

100.06 

26.10 

40.29 

17.29 

16.09 

99.77 

(a)  For  actual  sixes  of  holes  in  these  sieves  see  Table  868. 

be  expected  of  a  commercial  classifier.  The  average  grain  of  the  first  spigot  is 
30  mesh,  that  of  the  second  is  between  40  and  50  mesh,  that  of  the  third  is 
between  80  and  100,  and  that  of  the  overflow  finer  than  140  mesh. 

Figs.  244/  to  244/i  show  an  annular  form  of  the  Richards  classifier  which  is 
used  to  treat  all  the  limonite  tailings  in  Mill  5.  During  a  particular  run  of 
seven  days  it  treated  51.5  tons  per  24  hours  of  stuff  which  had  not  over  5^ 
larger  than  1.5  mm.  and  less  than  10%  smaller  than  0.159  mm.  The  feed  con- 
tained 42.08%  iron,  the  spigot  product  or  concentrates  which  amounted  to  26.19 
tons  per  24  hours  contained  45.50%  iron  and  the  tailings  contained  38.479ij 
iron  (see  also  Table  226,  giving  results  of  laboratory  tests  on  another  batch  of 
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§ 


the  same  stuff).    The  special  advantage  of  this  form  is  its  compactness^  the  area 
of  its  annular  sorting  column  being  48  square  inches,  or  equivalent  to  seven 


ach  pipes.     Another  notable  feature  is  the  spiral-shaped  vortex  0  which  gives 
the  same  velocity  in  all  the  jets  £f. 

B  U-  The  Deep  Pocket  Hydeaulio  Classifiees. 

§  310-  Geneeal. — These  are  used  in  many  instances  to  do  the  same  work  as 

Kfehallow  pocket  classifiers,  but  as  a  rule,  the  stuff  fed  to  them  is  finer,  and 
pockets  are  of  considerably  larger  size  and  connocied  by  troughs  or  launders. 
The  pockete  are  graded  in  series,  the  earlier  being  smaller,  the  later  larger.  In 
them  the  volume  of  the  pocket  is  so  large  in  comparison  with  the  section  of  the 
carrying  current  in  the  connecting  launder,  that  the  opportunity  for  retardation 
ia  enormously  increased,  probably  far  beyond  the  necessities  of  the  case.  They 
are  made  in  a  variety  of  forms.  They  may  be  cones  of  plate  iron,  cast  iron,  or 
vitrified  clay,  V  boxes,  rectangular  boxes,  or  hopper-shaped  boxes  (pointed  boxes), 
all  of  wood.  In  them,  moderately  fine  material  is  subjected  to  the  action  of  a 
hydraulic  current,  the  province  of  which  is  to  prevent  the  fine  slime  from  enter- 
ing the  earlier  spigots.  These  appliances  are  none  of  them  really  satisfactory 
in  their  action.  There  is  a  fundamental  difficulty  in  their  way  which  prevents 
good  work,  which  depends  upon  the  fact  that  the  hydraulic  current,  after  rising 
through  the  sorting  column,  enlarges  rapidly  in  area  and  hence  decreases  in 
velocity.  If  they  are  run  on  Rittinger's  spiizkasten  principle,  that  is,  fed  with 
a  horiiontal  current  on  the  basis  that  the  heavier  grains  will  settle  out  and  the 
"iter  grains  overflow,  a  body  of  material  will  report  at  the  sorting  column 
Bw,  made  up  of  two  classes  of  grains,  those  that  are  heavy  enough  to  face  the 
aulic  current,  and  those  that  are  not.  The  former  will  descend  and  go  out 
»  spigot  as  they  should;  the  latter  will  fail  to  go  out,  but  since  these  are 
enough  to  settle  in  the  box,  but  not  heavy  enough  to  go  out,  they  will 
pct  until  a  considerable  bank  forms  which  will  either  have  a  convulsion  and 
Sown  in  a  mass  into  the  spigot,  where  it  does  not  belong,  or  it  will  stay  and 
iilyze  the  work  of  the  apparatus.    Either  is  bad. 

Phe  usual  way  of  overcoming  this  unfortunate  condition  of  things  is  to  give 
Rittinger  horizontal  current  and  use  instead  a  plunging  current,  which 
aufllly  descends  to  the  bottom,  breaks  up  the  bank  and  keeps  the  whole  pulp 
illy  stirred  up.     The  grains  which  would  naturally  form  the  bank  are 
^^^       rise  and  go  over  into  the  next  compartment.     But  this  advantage  is 
gained  at  the  expense  of  poorly  cleaned  spigot  products,  some  fines  being  carried 

{n  by  the  plunging  current. 
311.  Browne  Hydrometric  Conical  Sizer. — (See  Figs.  245a  and  245ft.) 
his  is  a  classifier  in  which  the  carrying  current  is  allowed  to  fall  nearly  verti- 
f  into  the  first  of  a  series  of  four  cones  A  connected  by  short  launders  or 
gh«  B.  It  then  passes  in  succession  over  the  second,  the  third  and  the  fourth 
',  The  sorting  columns  C  are  at  the  apices  of  the  cones  and  are  short, 
viettical  pipes  up  through  which  the  hydraulic  water  passes.  For  each  cone  one 
dial  cock  D  furnishes  a  graduated  quantity  of  hydraulic  water,  and  a  second 
code  B  i«gulates  the  quantity  of  water  to  be  let  out  with  the  sand  through  the 

table  229. — DIMENSIONS  OP  BROWNB  8I2EB. 
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spigot.  These  three  parts  arc  connected  by  tee  fittings.  The  dimensions  of  the 
apparatus  are  given  in  Table  229. 

The  cones  and  connecting  launders  are  made  of  vitrified  clay  1^  inches  thick 
The  sorting  columns,  tees,  spigots,  and  hydraulic  pipes  are  all  of  iron.  No  de- 
flectors are  used.  The  overflows  of  the  last  three  cones  are  on  the  same  levels 
as  their  feeds.  The  whole  fall  from  the  top  margin  of  the  first  cone  to  the 
outlet  of  the  fourth  spigot  is  2  feet  OJ  inches. 

This  classifier  is  designed  for  pulp  passing  through  a  30-mesh  screen,  and  it 
should  not  be  required  to  deliver  its  finest  spigot  with  maximum  grain  finer 
than  100  mesh.  It  is  claimed  that  it  does  its  best  work  in  preparing  pulp  for 
Frue  vanners.  On  the  other  hand,  mill  men  do  not  favor  using  classifiers  before 
vanners,  on  account  of  the  dilution  of  the  pulp,  and  of  the  fact  that  they  intro- 
duce a  serious  element  of  uncertainty  into  the  rate  of  feeding. 

The  manufacturers  recommend  one  set  of  cones  for  10  stamps,  to  treat  15  to  35 
tons  per  24  hours.  One  set  of  four  cones  at  the  Columbia  mill,  Marshall  Basin, 
Colorado,  treats  30  to  35  tons  of  stuff  crushed  through  20  mesh  per  24  hours. 
Bernard  McDonald  reports  a  set  of  four  cones  treating  30  tons  of  stuff  through 
30  mesh  per  24  hours.  He  uses  a  dead  box  to  feed  the  ore  quietly  to  the  first 
cone.  For  the  spigots  he  uses  a  piece  of  hose  2  inches  in  diameter,  with  a  clamp 
attached,  to  replace  the  dial  cocks  which  soon  become  leaky  from  wear.  He 
gives  sizing  tests  of  the  spigots,  as  shown  in  Table  230.     This  cannot  be  said  to 


TABLE  230. — SIZING 

OP  PRODUCTS  OF  BROWNE  8IZER. 

Firft  Spigot  [second  Spigot. 

Third  Spigot. 

Fourth  Spigot 

Omflofv. 

Weights  of  the  Products  in  Pounds  i>er  Twenty-four  Boon. 

16,560                  14.400         1         14,986                    6,190 

7.37S 

Sizing  Test  of  Products. 

Through   80  oo    40  mesh 

Through    40  on    60  mesh 

Through    60  oo    80  mesh  ..... 

Through    80  on  100  mesh 

Through  100  on  100  mesh 

Through  190  on  160  mesh 

Thr(M]gh  160  mesh 

6.44 
5.88 
7.07 

11.04 
0.46 

59.65 

3.73JJ 
21.44 

4.89 
13.64 
10.99 
10.89 
84.50 

8.58:( 
6.85 
13.88 
19.44 
90.89 
89.49 

8.91 
94.90 
91.94 
89.77 

o.sy 

6.87 
16.85 
16.71 
60.96 

100.01 

100.01 

90.99 

99.96 

100.01 

be  good  classification,  for  the  average  diameter  of  grain  in  the  first  spigot 
product  is  smaller  than  that  in  the  second,  and  further,  the  first  spigot  containfl 
too  much  fines  and  the  later  spigots  too  much  coarse  material.  This  is  probaUj 
a  fair  illustration  of  the  imperfection  of  the  deep  pocket  classifiers. 

Mill  86  uses  a  Browne  llydrometric  Conical  Sizer  which  has  but  three  conci 
with  inner  diameters  13^,  14^  and  16  inches  respectively.  It  is  fed  with  the 
undersize  of  No.  5  trommel  with  square  holes,  0.0345  inches  (0.88  mm.),  or 
practically,  ^  inch.  The  three  spigots  go  to  Nos.  1,  2  and  3  Gilpin  Coirn^ 
bumping  tables  respectively.  The  overflow  goes  to  a  canvas  table  6X10  fee^ 
but  it  is  too  variable  for  good  work  on  account  of  imperfections  in  the  mountiw^ 

§  312.  In  Mill  18,  No.  1  Hydraulic  Classifier  has  two  cones  4  and  B  | 
with  60°  angle  (see  Fig.  246).  The  first  is  2  feet  6  inches,  the  second  4  feet  j 
6  inches  in  diameter.  The  third  cone  C,  which  follows,  having  no  hydrauliCi  I 
is  described  in  another  place  (see  §  334).  The  application  of  the  hydraulic  in  J 
these  two  cones  is  by  placing  a  small  cone  D  near  the  bottom,  rising  vertictltf  i 
toward  the  apex  of  wliich  is  fed  the  hydraulic  water  E.  The  effect  of  thii  j 
arrangement  is  to  make  a  pressure  box  of  the  space  beneath  the  little  cone  and  I 
a  sorting  column  of  the  annulat  o^^eimv^  \  inch  to  1  inch  wide  between  its  Iw  I 
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!  the  wall  of  the  large  cone.  The  heavier  grains  which  pass  down  are  dis- 
rged  at  the  spigot  F  below.  The  cones  are  fed  through  steeply  sloping  feed 
18,  the  ends  of  which  are  elevated  5  inches  above  the  level  of  the  overflows. 
5  little  inverted  cone  was  mounted  on  a  vertical  shaft  with  a  pulley  0  for 
lying  a  rotary  motion  to  it,  but  the  rotation  was  given  up.  This  classifier 
ed  with  the  nndersize  of  No.  4  trommel  with  10-mesh  cloth  screen  and  holes 


!-— S-»«^ 


FIG.     246. — SECTION     OF     NO.      1      HY- 
DRAULIC   CLASSIFIER    IX    MILL    18. 


MO.  247a. — ^PLAN  OF  NO.  2  HYDRAULIC 
CLASSIFIER   IN   MILL   85. 
A 


FIG.   247c. — CROSS   SECTION  AB. 


I'T 


FIG.   2476. — ^LONGITUDINAL   SECTION. 

SI  inch  (1.30  mm.),  in  size.  It  delivers  spigots  to  jigs  and  overflow  to  No.  1 
de  current  box  classifier. 

1313.  Rittinger's  Pointed  Boxes  with  Ascending  Current*'  consist  of 
aies  of  pointed  boxes  in  each  of  which  there  is  a  vertical  descending  hydraulic 
icT  pipe  widening  into  a  mushroom  shape  at  its  lower  end,  forming  a  pent-up 
ee  or  pxeflBOie  box  beneath  it  and  an  annular  sorting  colxmui  ato\m!\  *\\. 
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In  Mill  85,  Xo.  2  Hydraulic  Classifier  (see  Figs.  247a-247c),  has  two 
deep  hopper-shaped  pockets  which  are  built  in  a  V-shaped  trough  with  sides 
widening  from  tiie  feed  end  toward  the  tail  end.  Each  pocket  has  a  1-ind  T 
and  plug  discharge  below.  It  is  fed  with  battery  pulp  after  it  has  passed  over 
amalgamated  plates.  The  spigot  products  go  to  bumping  tables  and  the  OTe^ 
flow  to  waste. 


Pia.     248a. — PLAN     OF     A     HYDRAULIC  CLASSIFIER  FROM   LINKENBACH. 


TMMr..Mt 


± 


IMen 

_J_ 


± 


FIG.  2486. — ^LONGITUDINAL  SECTION.      FIG.  248c. — CROSS  SECTION  ON  AB. 

Line:enbach  describes  a  classifier  for  treating  1^-0  mm.  stuff  at  the  rate  d 
800  liters  pulp  per  minute  (see  Figs.  248a-248c). 

Linkenbach  also  gives  a  device  for  saving  height  by  usi^  two  series  of  ax 

hoppers  each,  side  by  side,  instead  of  one  series  of  three.     T^e  total  width  ind 

capacity  are  the  same  as  in  the  last,  but  the  height  is  only  half  aa  great    The 

Nob.  1  and  2  spigots  oi  botii  ^t^  go  tog^tVveT^  the  Nos.  3  and  4  also,  and  ftt 

Noa.  5  and  6,  making  thexeloie  \ktefe  Y^aKi.*A%&\3iVk»^^\5iw»Ka^|^ 
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nVEKOLKR  AND  TjOWe's  CLASSIFIER  roBsists  of  fivc  pointed  boxes  dififering 

T)ni  the  last  in  having  long  vertical,  tubular  hnrting  columns  and  T  and  plug 

got»s€  neck  iJpigotB.     It  treats  l^-mm,  pulp  from  gravity  stamps  at  the  rate 

^1,080  liters  per  minute,  containing  18/^  kilns  of  Kjlid  material,  and  yields: 


ItTa^  per  minute,  containing  L55  kilos  solid  material;  lifth  spigot,  39.3  liters 
T  niinate,  containing  1.35  kilos  solid  nuitcrial;  overflow,  T82  liters  per  minute, 
ataijiing  6.^0  kilos  solid  material ;  total,  1,080.0  liters  per  minute,  containing 
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no.  249(2, — PLAN  OF  NO*  1  HYDRAULIC  CLASBIFIEB    IN   MILL  21. 
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FIG.   2496, — ^LONGITUDINAL  SECTION. 


FIG.   249c. — SECTION  AB, 


kiloe  solid  material.     The  ore  was  from  the  Himmelfahrt-fund  mine  at 
inber^,  and  contained  argentiferous  galeua,  blende,  iron  pyrites,  copper  pyrites, 
pnical  pyrites  and  quartz. 
[In  Mill  2\^  Nu.  I  Hydraulic  Classifier  consists  of  throe  rectangular  hop- 
rj«,  each  one  larjrer  than  its  predecessor  (see  Fig.  249a-24!»c).     It  is  fed  by  the 
^dersize  of  No.  3  trommel,   12  niCiih  with  0.t>48-ineh    (1.22-inm.)   hole  and 
itft  from  18  to  28  tons  in  24  hours.     The  first  two  spigot  products  go  to  jigs, 
he  third  to  a  elime  table  and  the  overflow  to  waste.     The  overflow  is  5%  of  the 
btal  tailings  of  the  mill. 


11^ 


jrO.  250. — SECTION 
or      NO.      1      HY- 

I  PftArLIO  CLASSI- 
FIKB  IN  KILL  87. 


The  No.  2  hydraulic  classifler  of  Mill  21  consists  of 
one  hopjyer,  3  feet  square  and  32  inches  deep.  The  aides 
are  vertical  for  3  inche^  from  the  top  and  then  slope  58**. 
It  receives  from  a  Huntint^on  mill  pulp  which  has  passed 
through  a  slot  -^  inch  (0.635  mm.)  wide,  at  the  rate 
of  15  tons  per  24  hours.  Its  spigot  is  divided  between 
No,  5  and  No.  6  jigs  and  its  overflow  goes  to  slime  tables. 

In  Mill  87,  No.  1  Classifier  (see  Fig.  250),  is  a  hop- 
per 30  inches  long,  24  inches  wide  and  about  21  inches 
deep,  coming  to  a  short  edge  l>e]ow,  with  a  vertical  rising 
hydraulic  pipe  C  1  inch  in  diameter,  and  three  side  nip- 
ples for  the  spigots.  One  A  is  of  l-inch  pipe  close  to  the 
hydraulic,  the  other  two  B  are  of  2-inch  pipe  6  inches 
above  the  hydraulic.  The  apex  angle  of  the  hopper 
It  is  fed  with  the  nndersiic  of  No.  4  trommel,  12  mesb. 


iboitt  60  degrees, 
ipigots  go  to  jigs  and  the  overflow  to  vanners. 
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§314.  In  Mill  24,  No.  1  Classifier  (see  Figs.  251a-261c),  consists  of  a 
rectangular  part,  29  inches  l<ing,  14  inches  wide  and  14  inches  deep,  with  two 
hoppers  in  the  bottom,  each  11 J  inches  long,  14  inches  wide  and  10  inches  deep. 
The  sides  of  the  hoppers  slope  55°  and  the  ends  53°.  The  feed  launder  A  is 
t  inches  wide  and  10  inches  deep,  entering,  therefore,  4  inches  above  the  top  of 
the  hoppers.  The  overflow  spout  5  is  7  inches  wide  and  12  inches  deep,  or  2 
inches  above  the  top  of  the  hoppers.  At  10  inches  above  the  apex  of  the  first 
hopper,  or  at  the  level  with  the  top  of  the  hopper,  is  a  rose  C  (see  also  Fig.  25k), 
consisting  of  a  T  end  to  a  vertical  1-inch  hydraulic  pipe,  and  running  across  the 
current,  having  seven  jets  discharging  vertically  downward  toward  the  apei  of 
the  hopper,  in  which  is  a  cast-iron  block  D  If  inches  thick,  to  take  the  wear.  A 
vertical  baffle  plate,  E  running  across  the  separator  6  inches  from  the  feed  end, 
extends  down  to  the  top  of  the  first  hopper.  The  second  hopper  has  neither 
hydraulic  nor  baffle  plate.  The  first  hopper  has  two  discharge  spigots  F  f  inch 
in  diameter  with  centers  3J  inches  above  the  top  of  the  iron  block;  The  second 
has  one  spigot  0  \\  inches  in)  diameter,  near  the  apex.    The  classifier  is  fed  with 


FIG.   251fl. — PLAX  OF  NO.   1   HY- 
DRAULIC CLASSIFIER  IX  MILL  24. 


FIG.  251c. — ^BOSE. 


FIG.    251&. — SECTION   ON   UK, 


the  undersize  of  No.  3  trommel,  3  mm.-O,  and  sends  its  three  spigots  and  one 
overflow  to  jigs. 

In  Mill  88,  No.  1  Classifier  (see  Figs.  252a-252c),  is  a  hopper-shaped 
box  with  a  flat  bottom.  The  pressure  box  A  is  partitioned  ofif  below  by  four 
shields  B  mitered  together  at  the  corners,  sloping  at  a  less  angle  than  the  sides 
of  the  hopper.  Between  these  four  shields  is  left  the  slot  C  for  the  sorting 
column.  The  hydraulic  is  of  J-inch  pipe,  and  two  spigots  are  used,  \  inch  and 
f  inch  in  diameter  respectively.  The  overflow  current  is  confined  between  the 
wall  of  the  hopper  and  a  shield  D  placed  parallel  to  it  and  extending  to  a  dis- 
tance of  12  inches  below  the  surface  of  the  water.  This  aids  in  the  prevention 
of  the  formation  of  a  bank  by  lifting  out  heavier  particles  than  wonla  otKerwiac 
rise.  The  feed  is  the  undersize  of  No.  3  trommel,  10-mesh  wire  doth.  The 
spigots  go  to  jigs,  the  overflow  to  No,  2  hydraulic  clasifier,  which  is  like  thifi> 
except  that  it  has  only  one  spigot  of  J-inch  pipe,  which  delivers  its  product  to 
a  jig.    The  overflow  is  used  as  feed  water  for  stamps. 

The  No.  3  Classifier  of  Mill  88  differs  from  the  preceding  in  that  it  i 
ted  at  both  ends  and  overflows  at  the  middle  of  one  aide  (see  Figs.  253a-853c). 
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e  slot  is  6Xi   inch.     It   is  fed   with   pulp  from  stamps  through  ^-inch 
635*]iim.)  screen  and  it  delivers  its  spigot  to  a  jig  and  overflow  to  a  vanner. 
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PIG.  252a. — PLAN  OF  NO.  1 
HYDRAULIC  CLASSIFIER  IN 
MILL  88. 


PIG.    2526. — ^LONGITUDINAL 
SECTION. 


FIG.  252c. — CROSS 
SECTION. 


In  Mill  39,  No.  3  Hydraulic  Classifier  is  a  hopper  23  inches  square  at 
J  top,  4  inches  square  at  the  bottom,  and  21  inches  deep.     The  overflow  spout 


PIG.    253a. — plan    of 

NO.  3  HYDRAULIC 
CLASSIFIER  IN  MILL 
88. 


FIG.     2536.— LONGITU- 
DINAL SECTION. 


PIG.    253c. — CROSS 
SBOTION. 


g|  inches  deep,  14  inches  wide,  and  the  overflow  stream  is  3  inches  deep, 
e  pressure  box  is  partitioned  off  by  two  shields  sloping  downwaid  \xy«^x&  ^ajSgl 
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other,  Iciiviiig  a  slut  1^X1  inches  for  a  sorting  columu,  4  inches  above  the  but- 
toui.  These  two  shields  extend  about  half  way  up  on  the  two  ends.  The  Kngth 
of  the  slot  is  across  the  classifier.  A  hydraulic  pipe  IJ  inches  in  diameter,  two 
1^-inch  nipples  and  plugs  with  ^-inch  spigots,  complete  the  apparatus.  The 
slope  of  all  four  sides  is  65°.  There  are  two  of  them  and  they  are  fed  with 
Huntington  mill  pulp,  2J  mm.-O.  The  spigots  go  to  jigs  and  the  overflow  tc 
No.  4  hydraulic  classifier. 

In  Mill  39,  No.  4  Hydraulic  Classifier  is  similar  to  No.  3  hydraulic  classi- 
fier, except  that  it  is  31  inches  long  at  the  top,  29  inches  wide,  and  about  28 
inches  deep.  The  overflow  is  7  inches  deep  and  18  inches  wide.  It  has  but  one 
spigot.  The  spigot  product  goes  to  a  jig  and  the  overflow  to  No.  2  whole  current 
box  classifier. 

The  Doikje  Sizing  Box,  made  by  the  Parke  &  Lacy  Co.,  is  in  principle  the 
same  as  the  above.  The  chief  difference  lies  in  the  fact  that  it  has  a  pyramidal 
stopper  in  the  slot  by  raising  or  lowering  which,  the  cross  section  of  the  sorting 
column  can  be  decreased  or  increased. 

LiXKENBACii  gives  a  classifier  consisting  of  widening  hoppers  a  (see  Fig?. 
254a-254c;),  three  in  number,  wuth  pressure  box  6  and  slot  d  for  the  hydraulic 
columns.  The  slots  run  lengthwise  and  are  8|X1^  inches  for  the  first  two,  aud 
9X1 J  inches  for  the  last.  The  width  at  the  receiving  end  is  14 J  inches  and  at 
the  overflow  is  47  inches.  The  total  length  of  the  apparatus  is  93  inches  and  it 
treats  GOO  liters  of  pulp  per  minute. 

§  315.  James  Caukeek  Classifier. — In  this  classifier  the  whole  length  is 
occupied  by  pockets.  The  carrying  current  in  every  case  plunges  into  the  next 
pocket.  The  pockets  are  deep  with  practically  hopper  bottoms  terminating  in 
slots  for  e^orting  columns.  As  used  in  Mill  40,  No.  1  hydraulic  classifier,  the 
slots  are  4X3  inch,  4X^  inch,  4XJ  inch  and  4X§  inch  respectively,  and  all  are 
2  inches  high.  The  spigots  are  5,  h  i  ^"^  i  i^^h  in  diameter  respectively,  and 
all  the  hydraulic  pipes  are  1  inch  in  diameter.  Its  construction  is  well  shown 
in  Figs.  *^\j5r/-255/>.  It  treat?  the  undersizi^  of  No.  4  trommel  with  3-mm.  round 
holes.  The  spigots  go  to  jigs  and  the  overflow  to  No.  1  whole  currwt  box  classi- 
fier. The  No.  2  hydraulic  classifier  in  Mill  40  is  similar  to  the  No.  1,  but  has 
only  two  pockets.  It  treats  the  uudersizc  of  No.  5  trommel  3  mm.-O  and  sends 
spigots  to  jigs  and  overflow  to  No.  1  whole  current  box  classifier.  Some  idea 
of  the  work  done  by  this  classifier  may  be  gained  by  reference  to  a  sizing  test 
of  jig  tailings  (see  §462). 

FuASER  &  Chalmeks  IIydraulic  Classifier  is  a  hopper  with  a  pocket,  21 
inches  long,  12  inches  wide  at  the  top  and  2J  inches  square  at  the  bottom,  and 
13  inches  deep,  with  ends  sloping  55°  nnd  sides  sloping  45°,  having  an  adjust- 
able baflle  plate  across  the  stream,  3iJ  inches  from  the  receiving  end,  and  an 
overflow  spout  2  inches  deep  and  12  inches  wide.  A  T  and  plug  spigot  is  used 
with  a  sorting  column  of  1^-inch  pipe,  or  larger,  hydraulic  pipe  li  inches  in 
diameter,  and  spigot  nipple  \  inch,  or  larger.  They  recommend  a  low  head  for 
the  hydraulic.  This  sorting  column,  to  be  on  a  par  with  mill  practice,  treating 
perhaps  GO  tons  per  24  hours,  would  probably  have  to  be  as  large  as  2J-iiich  or 
3-inch  pipe. 

§  316'.  Deep  Double  Trough  Classifiers. — A  hydraulic  classifier  shown  by 
Rittinger,  also  the  Altenberg  classifier  and  another  of  the  same  class  at  the 
Vaucron  mill,*^^  all  have  a  V  trough  within  a  trough  on  the  principle  of  the 
Lake  Superior  classifier  (see  §  299),  but  differ  from  that  in  widening  and  deepen- 
ing the  trough  as  the  water  moves  forward,  and  in  placing  a  dam  at  the  lover 
end  high  enough  to  fill  with  water  the  whole  apparatus.  Open  slots  are  placed 
in  the  bottom  of  the  V  to  act  as  sorting  columns,  and  hydraulic  water  is  intio- 
duced  in  the  space  between  tYve  N"  aivd  1^^  outer  trough,  which  is  compartm^^ 
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to  Buit  the  independent  hydraulics  and  spigots.  The  Altenberg  apparatus  and 
that  at  the  Vaucron  mill  both  place  hoppers  in  the  outer  trough.  At  the 
Vaucron  mill  the  feed  ranges  from  1  mm.  to  0,  and  there  are  formed  eight 
spigot  products  and  an  overflow. 

G.  G.  Gates'  Hydraulic  Classifier  (''segregator")  (see  Figs.  266a-256c), 
consists  of  a  V  box  A  6  feet  long,  18  inches  wide  at  the  top  and  4  inches  at  the 
bottom  and  12  inches  deep,  with  sides  sloping  60°.  At  the  discharge  end  a  pocket 
B  is  placed  in  the  bottom  of  the  box,  consisting  of  an  extension  downward,  30 
inches  long,  4  inches  wide,  with  the  front  and  rear  ends  sloping  60**,  the  sides 
being  vertical.  Extending  down  vertically  from  this  is  the  sorting  column  C, 
consisting  of  a  pipe  2|  inches  in  diameter  and  8  inches  long.    At  its  lower  end 


FIG.    25Ga. — PEKSPECTIVE    OF    G.    G.    GATES 
HYDRAULIC  CLASSIFIER. 


FIG.    25Gr. — SEC- 
TION KL, 


FIG.  256&.— 

8ECTI0X  OF 
S  0  R  T  I  >'0 
COLUMN. 


it  has  a  rubber  stopper  D,  wooden  nipple  E  and  iron  jet  F,  with  a  hole  |  inch 
in  diameter  for  discharging  the  heavy  product  (see  Fig.  256b),  The  hydraulic 
water  is  brought  in  from  above  by  a  vertical  J-inch  pipe  G  bored  below  with 
|-inch  holes  in  four  vertical  rows,  90°  apart,  8  holes  in  a  row,  1  inch  apart 
vertically  (see  Fig.  2566).  They  extend  down  to  the  plug  at  the  bottom  of  the 
sorting  column.  The  sorting  is  probably  done  by  the  upper  six  rings  of  holes. 
A  plate  screen  //  4  feet  long,  12  inches  wide,  punched  over  part  of  its  length 
with  |-inch  round  holes,  serves  to  feed  an  even  current  to  the  apparatus  and 
incidentally  to  remove  chips,  etc. 

As  used  in  Mill  78,  four  of  these  classifiers  treat  the  whole  tailings  of  Mill 
71,  stamping  through  30-mesh  brass  cloth,  amounting  to  about  93  tons  per  S4 
hours.  They  are  fastened  together  in  pairs  side  by  side.  The  spigot  product 
is  about  70%  and  goes  to  waste,  while  the  overflow  amounts  to  30%  and  is  sent 
by  launders  to  canvas  tables.  The  distribution  is  made  as  the  pulp  rises  to 
pass  out  of  the  overflow  of  the  classifier  by  split  launders  I,  a  more  perfect 
distribution  than  could  be  had  probably  in  any  other  way.  For  the  four  classi- 
fiers 12  miner^s  inches  of  water  come  with  the  pulp  and  3  more  are  required 
by  the  hydraulics.  Of  these  1  goes  away  in  the  spigots  and  14  go  by  the  over- 
flow to  the  canvas  tables.  Assuming  the  miner^s  inch  to  be  equal  to  IJ  cubic 
feet,  or  11.22  gallons  per  minute,  we  have  for  four  classifiers: 

Water  with  pulp,  12M.64  f^aUons  per  minute.   Splf^ot  discharires,  11 .28  gallom  per  mfaratei 
HydraoUo  water,  33.6QgaUoiui  per  minute.    OTerflow  to  tablei,  1B7.Q6  gftUoos  per  minutia. 


1QB.30 


iab.80 


tA$8IFI£B8. 

sizing  ie^l  of  tho  spigot  product  of  tins  cla.«sifier  is  given  in  Table  320. 
The  No,  1  and  No.  2  Classifjeks  of  Mill  8(i  arc  alike  except  that  the 
rjcr  has  J-inch  spigot  and  the  latter  a  i-inch  spigot.  They  are  in  the  form 
hoppers  (gee  Figs.  257a-257c),  24  inches  long  and  24  inches  wide  at  the 
top,  with  vertical  sides,  the  ends  sloping  60**  to  a  transverse  edge.  Two  blocks 
of  wood  C  are  put  in,  one  at  each  end  near  the  bottom,  forming  a  pressure  box 
D  beneath  them  and  a  transverse  slot  E  for  a  sorting  column  between  them.     On 

■e  blocks  are  screwed  two  adjustable  iron  strips  F  with  straio:ht  edges  to  givt 
true  slot  of  the  width  desired.  The  hydraulic  water  comes  in  from  below  by 
a  1-inch  pipe  G  running  horizontally  juet  beneath  the  plot,  with  holes  bored  in 
it  all  along.  The  current  so  delivered  moves  upward  through  the  slot.  The 
heavy  grains  discharge  through  the  central  spigot  H  below,  consisting  of  J-inch 
:|-inch  hole?  Ib  a  2i-inch  plug.  On  the  end  of  the  pipe  is  a  cap  K,  which  can 
'  removed  for  cleaning.    A  vertical  sliding  cross  partition  L  serves  to  force 


Fia.  257a. — PLAN  OF  NO.  1  nY- 

DSAULIC  CLASfilFIEH  IN  MILL 
8C. 


FIO.   2576, — LONaiTUDINAL  SECTION. 


FIG.    257c.— SECTION    AB^ 


.Ur.i.-.  current  to  pass  down  for  treatment  to  the  neighborhood  of  the  slot 

tor  with  adjustable  buttons  Af  and  N  feeds  the  pulp  across  the  whole 

:so,  1  is  fed  by  the  undersize  of  No.  4  trommel  with  1.25-mm.  round 

It  sendj^  spigot  to  percussion  table  and  ovcrtlow  to  No.  2  classifier,  which 

tendji  its  §pigot  to  Frue  vanner  and  overflow  to  slime  tables  by  No.  1  nnwatering 
tank. 

7.  In  Mill  30,  Classifier  No.  1  (see  Figs.  258a-258r),  consists  of  three 

\'  boxes  in  series,  measuring  at  the  top  10  inches  long,  12  inches  wide, 

1^,  IS  wide  and  221  long,  27  wide,  respectively.     The  sides  of  the  V*g  slope 

-.  ,  u3*  and  ^y  respectively.     Tlie  depths  to  the  top  of  the  slots  are  7},  17 

_tnd  19  inches.    The  two  sides  come  to  an  edge  below,  leaving  a  slot  C  running 

thu^^*.     The  three  slots  or  sorting  columns  are:  10  inches  long,  1  wide,  2 

15  inches  long,  J  wide,  2  deep;  22  inches  long,  i  wide,  2  deep.     Two. 

^  are  inserted  to  preserve  the  width  of  the  ^lots.     The  pressure 

4re  in  the  form  of  hoppers,  8,  13  and  15  inches  A.^ip  i^^syhXa^Ax. 
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plow  the  sorting  column,  with  hydraulic  pipe  F  entering  on  one  aide  and 
)igol  0  discharging  on  the  other,  near  the  apex. 

ijustable  digtributors  with  pointers  //  distribute  the  current  the  whole 
til  of  the  boxes.  The  streams^  in  every  case,  plunge  into  the  lioxes  frora^  a 
ped-sole  at  least  1  inch  above  the  water.  The  pulp  overflows  the  whole  width 
ito  a  collecting  box  K  and  is  then  contracted  into  a  narrow  launder  to  convey 
to  the  distributor  of  the  next  box.  The  hydraulic  pipes  are  all  1§  inches  in 
iameter.     The  spigots  are  1,  |  and  \  inch  in  diameter. 

It  is  fed  with  the  undersize  of  No.  2  and  No.  3  trommels  with  3-mm.  and  ^.5- 
mm.  round  holes,  respectively.     It  delivers  spigot  products  to  jigs  and  overflow 
to  No.   1  whole  current  box  classifier.     Sizing  tests  of  the  products  of  this 
"  lassifier  are  given  in  Table  255. 

Linkenbach's  Fig.  23  is  the  design  from  which  the  above  classifier  was  prob- 
ably taken;  his  dimejisions  are  shown  in  Table  231.    One  used  at  Ems  has  four 

TABLE    231. — DIMENSIONS    BY    LINKENBACH    FOR    V    BOXES    DESIGNED    TO    TREAT 

800  LITERS  PER  MINUTE. 


Leogth. 

Width. 

Depth. 

Ho.  IVboz 

No.tVbox , 

No,8Vbox. 

Inches. 

90 

Incbw. 

15 

l>^- 


of  which  the  first  three  are  of  the  eame  size  as  those  given  by  Linkenbach, 
while  the  fourth  is  66  inches  long,  05  inches  wide  and  47  inches  deep.     It  treat 
'  DO  liters  pulp  per  minute. 

^  Mill  20  has  a  Htdraulio  Classifier  (see  Fig.  259), 

in  the  fonu  of  a  rectangular  box  18  inches  long,  144 
inches  wide  and  13  inches  deepp  The  receiving  launder 
A  is  3J  inches  down  and  6  inches  wide.  The  overflow 
B  is  6  inches  wide  and  4  inches  down.  In  front  of  the 
feed  launder  is  a  deflector,  or  bajlle  board  C,  8  iDches 
wide.  In  the  center  of  the  bottom  and  extending  vertic- 
ally 4i  inches  above  the  bottom,  is  placed  a  li-lnch  pipe 
D  to  act  as  sorting  column.  The  hydraulic  water  is 
brought  in  by  a  IJ-inch  T;  the  spigot  is  drawn  oS  through 
a  IJ'inch  cock  E  below,  and  divides  in  two  parts  by  a  T, 
feeding  two  jigs.  The  overflow  goes  to  vanners.  The 
classifier  is  fed  with  the  undersize  of  No.  5  trommel  with 
0.06-inch  (1.52-mm.)  round  hole.^.  The  fact  that  the 
bottom  is  always  full  of  sand  save^  the  box  from  wear- 
ing out.  Tliis  is  practically  a  very  shallow  hopper,  lie- 
cause  the  sand  takes  that  form  as  soon  as  the  spaoes  are 
filled. 
Trk  "Hkberwasche/''  or  Siphon  Classifier,  invented  by  Osterspey  and 
ed  at  Mechemich,  would  at  first  sight  appear  to  fall  into  this  group,  but  the 
ithor  conceives  that  its  work  is  done  according  to  the  laws  of  hindered  settling 
'\  it  hap,  therefore^  been  placed  with  jigs  and  other  hindered  settling  machines 


no.  259, — LONOi- 

TUDIKAL  SEC- 
TION OF  NO.  1 
HTDRAULIO 
CLASSIFIER  IN 
MILL  20, 


§395). 


IIL  Tubular  Hydraulto  Classifiers. 


J}  318.  Oenkral, — These  may  be  used  for  treating  the  same  eizes  as  either  the 
Imllow  pocket  or  the  deop  pocket  claFflifier^.     They  include  all   the  different 
o|  &^iiiluitm.    The  word  spitzhittti  signifies  a  poiultd  tM\i^»  %\i^  'A  ^^ 
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examine  the  operation  of  Rittinger's  spitzltUte,  the  first  to  claim  the  name^  we 
find  it  has  its  carrying  current  brought  in  by  a  steeply  descending  tube,  a  sorting 
column  below  with  adjustable  upward  current,  and  its  receding  carrying  current 
leaving  by  a  tube,  rising  steeply,  of  uniform  adjustable  area  of  cross  section. 

The  essential  features  of  this  apparatus  appear  to  be:  First,  an  upper  sorting 
column  of  uniform  sectional  area,  in  which  the  rising  carrying  current  acts,  and, 
second,  a  lower  sorting  column  of  uniform  sectional  area  in  which  the  rising 
hydraulic  water  acts.  In  all  the  tubular  classifiers  these  features  are  present  to 
greater  or  less  extent. 

§319.  The  Rittinoer  Spitzlutte  is  made  in  two  forms:  Pigs.  26Oa-260c 
for  heavier  grains  which  fall  in  a  current  rising  with  a  velocity  of  31  nun. 
per  second,  and  Figs.  261a  and  2616  for  lighter  grains  which  rise  in  31  mm.  per 
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260a. — PLAN   OF   THE  kittingek  rapid  current  spitzluttb. 


FIG.      2606. — LOXOITUDINAL 
SECTION. 


FIG.     260c. — CROSS 
SECTION. 


second  current.  The  former  consists  of  a  box  with  a  transvere  V  section  with 
the  sides  6  of  the  V  sloping  60°.  Inside  it  is  a  V-shaped  displaccr,  or  prism  c; 
which  can  slide  up  and  down  between  vertical  guides.  The  displacer  is  always 
thus  centered  in  the  V  box,  and  between  the  sloping  sides  of  the  two  parts  will 
be  left  adjustable  spaces  or  tubes  for  bringing  in  and  for  taking  out  the 
carr}dng  current.  The  length  of  these  two  tubes  for  coarse  stuff  mu^  be  about 
914  mm. ;  less  is  insufficient  for  good  settling,  more  is  unnecessary.  The  width 
may  be  620  mm.,  and  the  thickness  will  depend  upon  the  size  of  grain  it  18 
desired  to  lift,  and  upon  the  quantity  of  water  in  the  carrying  current.  An 
apparatus  of  the  above  width,  designed  to  treat  283  liters  (10  cubic  feet)  per 
minute,  will  require  a  thickness  of  61  mm.  for  a  speed  of  current  of  125  mm. 
per  second.  The  lower  sorting  column  below  y  is  wedge-shaped,  38  mm.  wide 
ami  comes  to  a  T  discharge  below. 
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At  the  Anna  stamp  mill  at  Przibram,  a  set  of  four  spitzluiten  receiving  2- 
gluff  from  stamps,  had  the  dimensions  shoT;ni  in  Table  232.     The  length 
^ven  is  from  foed  to  discharge,  which  is  approximately  the  same  as  the  length 
'  the  upper  sorting  column. 

TABLE  Z^2. — DIMIINSIONS  OF  BPITZLUTTEN   AT  ANJTA  STAMP  MILL  IN  PBZIBEAM, 


Leni^th. 

Width. 

Thickness  of 
Current 

Ncl 

Meters. 
0.86 
1.00 

Meters. 

o.m 

0.48 
O.W 
0.04 

Meter*. 
0.06 
0.06 
0.08 
0.10 

SS «;.;...:....;;:: 

Ko.« .♦. 

»ai(a>..... 1 

(o)  There  are  two  of  these  Bidb  by  uiiie. 

Bittinger  held  that  the  thickness  of  the  current  between  b  and  c  should  not 
too  great  (not  over  76  mm.),  lest  disturbing  eddies  should  come  in.     The 

eight  H*  of  the  feed-sole  above  the  overtiow  must  be  sufficient  according  to  the 
|w  of  falling  bodies  to  give  the  computed  velocity  V  as  determined  by  the  well- 

Bown  formula,  V*=2gH,  where  g  is  the  acceleration  due  to  gravity.  As  shown 
by  the  drawing,  Rittinger  used  a  very  small  head  of  water  for  his  hydraulic 
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FIO.  ^Sla, — LOKGTTn)IXAL  SEC- 
TION OF  THE  lUTTIXGER  GEN- 
TLE   CLTBBENT    STITZLUTTE, 


FIG.      26 1&. — CROSS     SEC- 
TION. 


^ter  k  and  he  used  a  rising  discharge  or  goose  neck  I  for  removing  the  spigot 
lact. 

>,  Bilbanc  1ms  designed  a  spiizlufie,  adding  to  the  essential  features  of  Rittin- 
tnitiiii  .«?evrnil  jMjJntg,  He  makes  it  of  plate  iron,  using  iron  pipe 
a  .  --r  the  liydniiilK  ndiichments.  He  widens  the  later  boxes  to  diminish 
of  the  upu;i rd  current,  to  suit  the  settling  of  the  finer  grains.  His 
f water  ifi  lirnught  in  under  full  hydrant  pret^gure  and  the  quantity  for 
it  "box  is  regulated  by  an  independent  faucet*     His  spigots  also  lia.\^  m^iftr 
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pendent  faucets  to  regulate  the  amount  of  discharge.  'Tor  increased  capacity, 
a  larger  number  of  boxes  x>i  the  proper  breadth  are  introduced ;  for  a  temporary 
reduction  of  capacity,  some  of  the  boxes  are  simply  shut  off." 

Rittinger's  form  for  gentler  currents  (see  Figs.  261a  and  2616),  has  its  receiT* 
ing  tube  and  upper  sorting  column  both  vertical.  This  reduces  the  friction  for 
the  ascending  particles  and  avoids  the  tendency  of  grains  to  setUe  on  the  sloping 
side,  which  thereby  contract  the  area  and  change  the  velocity  of  the  current 
The  width  of  the  upper  sorting  column  in  Rittinger^s  figure  is  630  mm.;  the 
thickness  is  630  mm.  These  dimensions  will  vary  with  the  quantity  of  pulp 
and  the  size  of  the  grain  to  be  lifted,  but  the  dimensions  must  be  adopted  in 
the  original  design,  as  the  thickness  of  the  current  is  not  adjustable  as  in  the 
other  form.     The  vertical  height  of  the  column  is  1,100  mm. 

In  sorting  the  undersize  of  a  screen  with  holes  0.6  mm.  in  diameter  to  make 
four  spigots  and  an  overflow,  using  both  forms  of  spitzlutten,  Rittinger  recom- 
mends the  adjustments  given  in  Table  233.     It  is  stated  that  each  spigot  uses 

TABLE    233. — ^ADJUSTMENTS    RECOMMENDED    BY    RITTINGER   FOR   A    SET   OF  FOUR 

SPITZLUTTEN. 


Velocity  per  Sec- 
ond of  water  in 
Sorting  Column. 

Yielded  by  each 
Spigot. 

Below 
Water  Level. 

Head  of  HydrAulic 
Water  above 
Water  LeireL 

Nal 

No.  2 

No.  8 

No.  4 

Mm. 

58.43 

88.37 

9.396 

8.81 

SO 

85 

80 

(a)  15 

Mm. 
914 

Mm. 
159 

638 

908 

(a)  This  leaves  10)(  in  the  overflow  of  the  last  tpitxlutte. 

an  average  of  7^  liters  of  hydraulic  water  per  minute.  It  is  not  advisable  to 
use  many  spitzlutten  in  series,  since  a  change  in  the  adjustment  of  any  one 
necessitates  a  readjustment  of  all  those  that  follow. 

In  Mill  41,  Nos.  2  and  5  hydraulic  classifiers  are  of  the  form  of  Rittinger's 
gentle  current  spitzlutte.  The  No.  2  hydraulic  classifier  consists  of  six  spitzlut- 
ten, yielding  four  spigot  products:  two,  like  spitzlutten,  side  by  side,  give  the 
third  product  and  two  give  the  fourth  product.  The  details  are  given  in 
Table  234.  The  discharges  are  by  a  T  and  goose  neck.  It  is  fed  with  the 
overflow  of  No.  1  hydraulic  classifier  and  delivers  spigots  to  vanners  and  over- 


TABLE  234. — DETAILS  OF  NO.   2   HYDRAULIC   CLASSIFIER  IN   MILL  41. 


No.  1 

No.  2 

Nf).  3  (two  of  them) 
No.  4  (two  of  them) 


Width. 

Height 

Inches. 

Inches. 

86 

32 

42 

17 

42 

14 

43 

18 

Thickness  of  De- 
scending Column. 


Inches. 

8 
18 

9 
18 


Thickness  of 
Ascending  Column 


Inches. 

8 

18 

46 

18 


Diameter  of 
Spicot. 


Inches. 


flow  to  No.  1  whole  current  box  classifier.  No.  5  hydraulic  classifier  is  similar 
to  No.  2,  except  that  it  consists  of  two  spitzlutten  only.  It  is  fed  with  the 
overflow  of  No.  4  hydraulic  classifier  and  delivers  spigot  products  to  vannen 
and  overflow  to  No.  1  whole  current  box  classifier. 

At  Schemnitz,  Hungary,"  a  number  of  U-shaped  iron  pipes  are  placed  side 
by  side  to  take  the  place  of  one  large  V  spitzlutte.  With  this  arrangement,  the 
quality  of  the  product  may  be  varied  according  to  the  number  of  U  pipes  in 
operHtion.     If  finer  adjustment  is  needed,  one  U  is  made  adjustable. 
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80-  Meikecke  SPiTZLrTTK. — ^(See  Figs,  S(i2o  and  2626.) — This  consists  of 

aber  of  concentric  cylindiTs  and  eonc8,  with  sides  sloping  60®,  so  united 

ombined  as  to  make  annular  spaces  in  which  the  current  can  rise  and  fall. 

Icarrying  current  has  two  periods  of  rising,  the  first  more  rapid  Xlmn  the 

|d.     The  sands  which  settle  ont  of  i/ach  of  these  rising  currents  have  to  face 

iraulic  current  in  order  to  find  their  way  to  their  respective  spigots.     In 

irsy  the  grains  are  cleaned  from  the  finer  sizes.     Referring  to  the  figure, 

lip  comes  in  through  a,  b,  c^.     It  then  rises  through  tf,,  fj,  overflows  into 

cending  to  rise  in  d^^  e^  and  finally  overflows  into  the  circular  launder  f. 


f— 


1 


FIG.     2G2n, — SECTION     OF 
M£IN£C&B  SPITZLUTTB. 


FIG.  2626. — EN- 
LAeOED  SEC- 
TION OF  THE 
SAME. 


lulic  water  is  admitted  by  a  pipe  into  the  spaces  i\,  and  passes  up 
tgh  h\,  h"*^,  and  k^,  g^,  allnwing  the  heavier  particles  to  pass  out  through 

nose  neck  Jc^,  and  preventing  the  finer  sizes  from  entering.  The  seconc 
iulic  is  admitted  through  l^,  into  the  space  k  and  discharges  the  heavier 
cles  through  k^,  in  the  same  manner  as  the  first  hydraulic.     Two  sizes  of 

itzlutte  are  made,  as  given  in  Table  235.     Water  may  be  saved  by  dividing 

I  annular  Bpacee  by  radial  vertical  partitions. 

TABLE  235. — MEINECKE  SFITZLUTTE. 


Out«r 
tMamcter. 

p«f  Ifiiittte. 

DifTePfOCf*  of  Lflvel.                                  | 

Th«*  Overflow  ia 
Below  the  Feed 

Below  Uje  Feed. 

The  Bplgot  ti 
Above  the  Bottom. 

M 
1.4 

no  to  250 

am  CO  400 

Meters, 
0.86 

Meterw, 
0.75 
0.8B 

Meteri. 
U 
1,85 

28  formerly  used  this  machine  as  its  No,  2  hydraulic  classifier.     It  was 

:he  second  size  mentioned  in  the  table.    The  epigot  pipes  were  both  1  inch 

jtnmeter,  the  hydraulic  IJ  inches.     The  feed  to  this  spitzlutte  in  Mill  2S 

the  overflow  of  the  No,  1  hydraulic  classifier  and  contained  nothing  larger 

J  0.4  mm.  in  diameter.    It  delivered  spigots  to  No.  1  surface  current  box 

and  overflow  to  No.  1  whole  current  box  classifier. 

od  work  it  is  essential  thai  the  apparatus  shall  be  set  phnnb  and  that 

Iciw  lips  shall  be  perfectly  true,  otherwise  the  eurrentfi  will  be  uneven. 

H.  1*.  Boss  used  succeasfully  at  the  Uarshaw  mill'*  a  d^m^^x  Vvx 
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stamp  pulp,  which  consisted  of  an  acute  cone  with  a  deflector  delivering  the 
feed  near  the  bottom  (see  Fig.  263).  A  central  rod  or  pipe  C  serves  to  regulate 
the  size  of  the  discharge  opening  g  at  the  bottom,  but  it  does  not  furnish  water. 
It  differs  from  the  other  tubular  classifiers  in  having  an  expanding  upper 
sorting  column  and  in  omitting  the  lower  sorting  column  altogether.  It  is  fed 
with  stamp  pulp  and  sends  the  coarse  sand  to  No.  1  grinding  pan  of  a  Boss 
system  and  the  fine  sand  to  No.  3  pan,  where  amalgamation  begins. 

§  322.  Double  Cone  Hydraulic  Classifiers. — If  a  cone  is  placed  within 
a  cone,  an  annular  space  intervenes  between  the  two,  which  has  been  used  bj 
several  designers  as  the  upper  sorting  column  of  a  tubular  classifier.  If  the 
inner  cone  his  a  wider  angle  than  the  outer,  there  will  be  one  standard  position 


FIG.     263. — SECTION     OF 
CLASSIFIER. 


THE     BOSS      FIG.  264. — DOUBLE  CONE  CLASSIFIER. 


for  the  former  in  which  the  horizontal  sectional  area  of  the  annular  space  will 
be  the  same  all  the  way  up,  and  the  current  rising  therein  will  be  uniform.  If, 
however,  the  inner  cone  is  raised  above  the  standard  position,  the  area  at  the 
upper  end  will  be  greater  than  that  at  the  lower  end,  and  the  current  will  be 
retarded,  but  if  lowered  below,  it  will  be  less,  and  the  current  will  be  accelerated. 
Raymond®*  and  Armitage'^  both  describe  such  classifiers.  The  chief  manufac- 
turers of  mill  machinery  of  Colorado  all  advertise  this  machine^  and  it  seems 
to  have  found  some  favor  in  that  State. 

As  shown  in  Fig.  264,  the  pulp  is  fed  into  the  central  cone  B  and  passe? 
through  holes  around  the  apex  at  the  junction  between  the  lower  and  upper 
sorting  columns.     The  heavy  grains  sink  through  the  lower  sorting  column  and 
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imraaiiesqnforT,  the  hydraulic  water  being  brought  into  a  pressure 
ough  a  dial  cock  F ;  the  light  grains  rise  through  the  annular  spiice  or 
"  ting  Lolun>n  between  A  and  li  and  overflow  iiU  around  the  cone  into  a 
_  launder  E,     A  series  nf  these  cones  will  yield  a  series  of  products. 
^nee,  and  therefore,  the  sectional  area  must  increase  in  size  as  the  grains 
Four  sizes  are  recommended,  as  shown  in  Table  236* 

TABLE  236. — SIZES  OF  DOUBLE  CONE   nYDRAULIC   CLiSSIflEBS. 


Outer  Cono. 

Sizt>  of  Qrain  to 
be  Trvated, 

Inches. 
IB 
90 
80 
40 

Mesb. 
8to90           1 

sotoao 

30  to  40 
Finer  tbaji  40 

n  87  has  one  of  these,  made  by  Hendrie  and  Bolthoff,  for  its  No,  2  hydraulic 
fier.     The  outer  cone  is  12  inches  in  diameter  and  its  sides  slope  60**,     It 

|-inch  hydraulic  pipe  and  a  molasses  gate  spigot.     It  is  fed  with  pulp 
stamps  passing  through  screens  24  or  30  meshes  to  the  linear  inch,  and 

spigtjt  product  to  jig  and  overflow  to  vanner.     Two  machines  treat  the 
fnim  20  stamps,  perhaps  40  tons  of  solid  material,  per  24  hours. 
Mill  19,  No.  1  hydraulic  classifier  consists  of  seven  double  cone  classifiers 
Bet  iron  arranged  as  shown  in  Fig,  265,  with  sides  sloping  60*^,  put  together 


-•i#44-«^''- 


VIQ.  265. 

lows:  Three  cones  side  by  side,  15  inches  in  diameter,  yield  No.  1  spigot 
C't;  two  cones  side  by  side,,  18  inches  in  diameter,  yield  No.  2  spigot 
ct  J  two  cones  side  by  side,  21  inches  in  diameter,  yield  No.  3  spigot  product. 
fed  with  undersize  of  No.  4  trommel  with  10-mesh  screen,  and  yields: 
t  products  to  three  sets  of  jigs  and  overflow  to  No.  1  whole  current  box 
ier.  The  hydraulic  water  comes  through  a  pipe  1  inch  in  diameter,  with 
lating  valve.  The  dimensions  of  the  three  sets  of  cones  are  given  in 
237.  Both  outer  and  inner  cones  have  their  sides  sloping  60**  and  are 
bre,  parallel. 

TABLE  237. — NO*  1  HTDRArLIC  CLASSIFIEB  OF  MILL  19. 


tMitroter  of 

Outer  Cone«  at 

Top 

DlAQieter  of 

loner  Cooes  At 

Top, 

WiatfaorAnniilar 
Space. 

lochea. 
IS 
18 
St 

•1^ 

if* 

Inchea, 
9 

New  Fogter*  describes  a  double  cone  hydraulic  classifiex  u^ei  sA.  NXv^l'^xc^w- 
'  oe,  which  \t  BxmWar  to  that  last  dpscribed  in  ttiat  Vho  ^oues  ^t^  ^^^ti?0«^- 
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The  outer  is  of  wood,  the  inner  of  sheet  iron,  and  the  space  between  fonns  the 
upper  sorting  column.  The  truncated  apex  of  the  outer  cone  connects  with  a 
pressure  box  below  with  hydraulic  water  and  spigot,  and  in  the  truncated  apex 
is  a  conical  plug,  with  an  annular  space  around  it,  forming  the  lower  sortliig 
column.  This  plug  is  adjustable  up  and  down  at  will  by  a  screw,  thus  giving 
a  variable  section  to  the  lower  sorting  column.  The  spigot  is  a  disc  sliding 
over  a  hole,  shutting  off  much  or  little  as  desired. 

§323.  The  Charleton  Ore  Concentrator.— (See  Figs.  266a  and  2666.) 
— This  is  a  tubular  classifier  which  uses  no  hydraulic  water,  but  yet  has  both 
upper  and  lower  hydraulic  columns.  The  pulp  fed  at  d  divides  itself  into  the 
clearer  water  a,  and  the  sand  c.  The  former  descends  to  the  bottom,  as  shown 
by  the  arrows  and  rises  to  discharge  as  an  overflow  at  6.  The  sand  entering  at 
c  is  subjected  to  the  action  of  this  rising  current  which  lifts  the  lighter  grains 
to  overflow  at  b  and  allows  the  heavier  grains  to  fall  and  find  their  way  out 


PIG.     266a.— 

L  O  XGITU- 
DINAL  SEC- 
TION ON 
A  B  ,  OF 
C  H  A  RLE- 
TOX  CLAS- 
SIFIER. 


m. 


FIG.  267a. 


Fio.  2666.— 

CROSS  SEC- 
TION. 


FIG.   2676. 

FIG.  267a. — PLAN  OF 
RICHARDS  TUBULAR 
CLAS  S  I  F  I  E  R  FOR 
COARSE  WORK.  FIG. 
2676.  —  LONGITUDI- 
NAL SECTION. 


FIG.  2686. 

FIG.  268a. — PLAN  OF 
RICHARDS  TUBULAR 
CLASSIFIER  FOB  PINE 
WORK.  FIG.  2686.- 
LONGITUDINAL  SEC- 
TION. 

through  the  spigot  e.  A  series  of  boxes  would  yield  a  series  of  products.  The 
price  that  is  paid  for  this  economy  of  water  is  that  some  of  the  fine  slimes  go 
over  at  a  and  out  at  e,  with  the  heavy  product.  A  test  would  tell  whether  this 
loss  was  serious  or  not  with  any  given  ore.  The  apparatus  must  be  built  of  a 
size  to  suit  its  work,  as  it  has  no  means  of  adjustment. 

§  324.  The  Richards  Tubular  Classifier,  designed  by  the  author,  is  shown 
in  Figs.  267a  and  2676  for  coarse  work  and  Figs.  268a  and  2686  for  fine  work. 
It  has  long,  vertical  sorting  columns  both  above,  h,  and  below,  i,  the  former  to 
allow  a  stray  heavy  grain  6  to  settle,  and  the  latter  to  allow  a  stray  light  grain 
c  to  rise.  To  make  the  sorted  product  from  the  spigot  still  more  perfect,  a 
vortex  fitting,  previously  described  in  §  308,  is  placed  below,  which  gives  a 
helical  rising  current  in  the  lower  sorting  column,  guaranteeing  like  treatment  of 
all  grains  in  it.  A  vertical  plate  fc  is  used  to  stop  the  rotation  above,  and  fins 
to  stop  it  below.  The  vertical  form  of  the  upper  sorting  column  also  guarantees 
no  settling  on  the  aides  and  coi\6e(\ueut  change  in  section  and  in  the  speed  of 
the  current     The  hydiaxilic  water  \^  le^  V!tewv^  ^  ^\^  %  ^sA  the  heairy  prodnct 


CIASBIFIEHS. 


429 


1  Hiroiigli  a  plug  Fpignt  f,  Tho  upper  column  h  is  mado  of  finy  desired 
inches,  3x4,  4x6,  <vX8,  8x12  or  liiXlG,  and  the  lower  sorting  column 
Jsa  may  be  of  any  diameter,  1  inch,  1^,  H,  2,  t^,  3,  or  larger.  The  size  or 
tional  area,  of  the  upper  column  h,  will  be  made  to  suit  the  quantity  of  pulp 
[be  treated  and  the  size  of  quartz  to  be  lifted.  Its  sixe  will  increase  with  the 
ntity  of  pulp  and  as  the  diameter  of  the  particles  to  be  lifted  diminishes. 
size  of  tlie  lower  tube  i,  of  the  vortex  g  and  the  spigot  f,  depends  upon  the 
^antity  of  heavy  product  to  be  discharged.  The  greater  the  product,  the  larger 
the  pipe.  It  also  depends  to  a  certain  extent  upon  the  size  of  the  grains,  for 
with  very  small  sizes  of  grain  it  is  difficult  to  adjust  the  upward  current,  unless 
the  pipe  is  large.  The  effect  of  this  apparatus  is  to  obtain  a  very  perfect  separa- 
tion between  spigot  and  overflow,  but  it  requires  careful  adjustment  of  the  two 
columns,  and  so  becomes  too  complicated  when  more  than  two  are  used  in  series* 
This  classifier  serves  very  well  to  illustrate  the  use  of  the  theory  of  free  set- 
tling in  designing  and  adjusting  classifiers,  and  will,  therefore,  bo  considered 
at  some  length.  Table  238  shows  the  velocity  of  current  which  1  kilogram  of 
water  per  minute  gives  in  each  size. 

TABLE  238. — ^VELOCITIES  OP  CUBHENTS  FOR  1   KILOOBAM  OP  WATER  PEIt  MINITTE. 

VThe  experimenter  will  probably  know  the  quantity  of  water  in  kilograms  per 
Vmute  which  he  wishes  to  handle  and  the  diameter  of  quartz  grain  in  millime- 
ters that  he  wishes  to  lift.     His  next  need  will  be  answered  by  Fig,  287  or  by 
Table  262,  which  gives  figures  obtained  by  experiment  upon  the  speed  of  current 
required  to  lift  his  quartz. 

^^uppose  he  has  50  kilograms  per  minute  of  water  to  handle,  and  he  wishes 

^Pift  a  grain  of  quarts  about  1  mm.  in  size.  Table  262  shows  that  he  will  require 

^«  cnrrent  of  97  mm.  per  second  to  lift  it.     Keferring  to  Table  238,  we  see  that 

^3x4*inch  tubular  classifier  gives  a  velocity  of  2.15  mm*  per  second  for  a  1 

Hkgram  per  minute  feed-     It  will  then  give  107.5  mm.  per  second  velocity  when 

^B  with  50  kilos  per  minute.     This  size  is  probably  near  enough  for  his  purposes. 

^phe  wishes  it  exact,  he  can  cut  down  the  water  a  little  to  45.1  kilos  per  mmute, 

^Hiich,  multiplied  by  2.15,  gives  a  velocity  of  97  mm.  per  second,  or  he  can  make 

a  tubular  classifier  that  is  larger  in  section,  in  the  proportion  of  97  to  107.5 

(3X4-54  inches),  which  would  then  handle  the  exact  quantity  and  yield  the  size 

of  grain  needed. 

If  he  has  chosen  a  velocity  of  97  mm.  per  second  for  his  upper  sorting  column, 

he  will  want  the  same  for  his  lower,  that  is  to  say,  the  velocity  cannot  be  greater 

below  without  forming  serious  banks,  due  to  particles  which  rise  in  the  lower 

=ow,r.^  column,  but  will  fail  to  rise  in  the  upper,  and  it  cannot  be  much  leps 

ii  injuring  the  work  of  sorting,  because  it  will  allow  particles  to  pass  down 

'  -^  \  that  are  less  than  the  standard  size.     The  size  of  this  lower  eon- 

d  of  the  spigot  may  be  decided  according  to  the  principles  laid 

and  §  309. 

losing  the  eize  of  lower  eortinc:  column  and  €^Tp\^o\.  ^\L\dtL  'w^  ^^ 


[>bneiiBiotM  of 

Velocity  per  Sec- 

florSSg 

Area  of  Uppt?r  Sorting 
Cotuma. 

untl  for  1  kilo 
Water  per 

Ool^mo.. 

Minute, 

mchiw. 

&i.nL 

Sq,  Mm. 

Mm. 

9x3 

^  fl 

«,fir7l 

4.806 

3x4 

It 

7.742 

«.160 

4x0 

M 

15,4H4 

I.C77 

6x8 

Id 

ao.MS 

0.6881 

Bxlf 

116 

01,fl66 

0.8690 

tfixlO 

m 

i«s.8n 

0.18M 
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approsiinately  the  separation  desired^  the  final  adjustment  m^M*?  nia(lf»  aex^anl4 
in^  to  tliuory,  as  follow?:  Thi?  ft'i^d   water  ig  ."^Init  niT  trinpftr^^nlv,  the  .-pig 
being  left  open,  and  the  hydraulic  water  turned  on  until  th«f  weight  <>f  the 
overliowing  per  minute  is  that  weight  riiown  by  Tjible  227  to  bi^  iier 
lift  the  desired  particles  in  the  size  of  lower  sorting  column  used     The  h 
may  then  be  turned  on  and  classifying  begun.     One  may  say  that  this  adjustJ 
ment  of  the  lower  sorting  column  deranges  the  adjustment  of  the  upper  sorting 
column,  but  the  weight  of  the  w^ater  rising  in  the  lower  sorting  column  make 
such  a  gmall  addition  to  that  already  rising  in  the  upper  sorting  column, 
it  IB  negligible.    This  dassiiier  may  be  adjusted  by  the  eye,  of  course,  as 
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FIG.   26Da.^ — MEIKEGKB   GLlSSIFlEfi. 

other  forms.     It  is  well,  however,  in  this  ease,  to  shut  off  the  feed  temporarflj 
and  note  the  position  of  the  hydraulic  cock  when  the  water  overflows  tbe  verj 
least  amount,  that  is,  when  there  is  practically  a  balanced  hydraulic.    Thig  gi^tt  j 
the  least  amount  of  hydraulic  that  can  be  used  without  allowing  fine  slimea  lo  I 
pass  out  of  the  spigot  I 

LocKHART^s  Automatic  Gem  Sepabator  is  a  tubular  classifier,  uBing  la] 
upward  current  in  the  annular  space  between  two  glass  tubes.  It  is  nsro  U\ 
treat  closely  sized  sands  for  diamonds  and  other  gems. 

g  3^;?r>.   MfiiNKOKK  Classifikk, —  ( Soc  FigK.  2f»:»M  and  2^5*»?i.)— T 
canBiBiB  of  a  single  V-Bhaped  Y^o^v^p^T  A  '^^\  \Tict\i^?L  lQt\^,  SO  inches  \ 


no.    S69i». — LONOITITDIKAL    SECTION    OF    MBINECKB    CLAflSUIEB. 

lie  heavier  than  the  first,  and  carries  it  out  by  a  side  discharge  E  pro- 
jilie  purp<i6e.  A  third  and  fourth  sorting  columns  F  and  H,  lift  out 
I  £ortjS  by  side  dischnrged  0  and  /,  and  the  heaviest  grains  pass  down 
fourth  sorting  column  and  are  lifted  out  through  the  eide  dis- 
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Tho  hydraulic  water,  the  quantity  of  which  is  regulated  by  a  cock,  enters 
undtT  a  considorablc  head  by  the  pipe  L,  passes  down  through  the  chamber  U, 
which  harmonizes  currents  and  gives  uniform  motion  to  the  water.  The  wbok 
hydraulic  water  then  passes  through  a  slot  N  running  the  whole  width  of  die 
apparatus  beneath  the  fourth  hydraulic  column  H,  It  then  rises  through  tbe 
fourth,  the  third,  the  second  and  the  first  sorting  columns  successively,  parting 
with  a  portion  of  its  volume  at  each  of  the  successive  side  discharges.  The 
velocity  of  the  rising  current  in  any  sorting  column  can  be  increased  by  diminidi- 
ing  the  width  of  the  column  and  by  contracting  the  side  discharge  orifice  next 
below  it.  For  the  former  adjustments,  thumb  nuts  a%  a*,  a*  and  a*,  to  mow 
gates  6S  &*>  ^'  and  6*,  are  provided,  and  for  the  latter,  hand  screws  c*,  c",  (f 
and  c*,  to  move  gates  d}y  (Py  d^  and  rf*,  are  provided. 

While  the  ordinary  form  of  classifier  takes  out  the  heaviest  grains  first  and 
passes  the  mass  of  lighter  grains  forward  for  further  classification,  this  apparatofi 
does  the  exact  opposite,  in  that  it  takes  out  the  lightest  grains  first  and  passei 
the  mass  of  heavier  grains  forward  for  further  classification. 

Again,  since  classification  undoubtedly  takes  place  in  the  discharge  chamben 
E,  0,  I  and  K,  which  are  enclosed  by  four  walls,  to  quite  as  great  a  degree  as 
in  the  spitzlutte,  the  apparatus  deserves  to  be  regarded  rather  as  a  special  form 
of  tubular  classifier,  than  as  a  special  form  of  hydraulic  classifier. 

According  to  Bellom,***  it  treats  10  liters  of  pulp  per  minute  for  a  centimeter 
of  inside  width,  the  water  containing  6  to  8%  of  solid  matter  by  volume.  This, 
for  20  inches'  width,  would  be  500  liters  pulp  fed  per  minute.  To  this  mast 
be  added  the  whole  of  the  hydraulic  water. 

In  Mill  27  the  No.  1  hydraulic  classifier  is  of  this  kind,  and  is  fed  by  the 
undersize  of  No.  8  trommel  with  holes  /yinch  (2  mm.)  in  diameter.  It  delivers 
products  of  the  side  discharges  to  unwaterers  and  thence  to  jigs,  and  overflow  to 
No.  1  whole  current  box  classifier.  In  Mill  28  No.  1  classifier  is  also  of  this 
pattern,  of  the  size  shown  in  the  figure,  and  is  fed  with  the  undersize  of  No.  7 
and  No.  9  trommels  and  with  pulp  from  the  Huntington  mill,  all  having  2-mm. 
diameter  maximum  grain.  It  delivers  products  of  side  discharges  to  jigs  by 
unwaterers,  and  overflow  to  No.  1  surface  current  box  classifier.  It  formerly 
went  to  a  Meinccke  spitzlutte.  The  quantity  of  water  used  is  so  large  that  un- 
waterers are  used  in  both  mills,  to  prepare  the  products  to  be  fed  to  the  jigs. 
The  apparatus  is  reported  as  hard  to  regulate  and  lacks  simplicity. 

The  large  quantity  of  water  used  in  this  apparatus  appears  to  be  due  to  the 
fact  that  carrying  currents  pass  up  from  the  four  sorting  columns  to  the  side 
discharges.  These  are  as  large  as  those  of  a  series  of  spitzlutten,  but  in  the 
latter,  the  same  water  acts  successively  in  all  these  rising  spaces,  while  in  this 
apparatus,  they  all  must  receive  separate  supplies  of  water. 

For  the  quality  of  work  done  by  this  classifier  in  Mill  28,  see  Table  264. 

Groups  IV.,  V.  and  VI. 

IV.  Surface  current  box  classifiers. 

V.  Whole  current  box  classifiers. 
VI.  Distributing  boxes. 

§  326.  General. — These  three  groups  will  be  treated  somewhat  together,  be- 
cause the  mill  men  of  the  country  are  using  one  or  other  of  them  for  the  same 
class  of  work.  They  all  omit  the  hydraulic  current  and  depend  upon  the  be- 
havior of  grains  of  sand  or  slime  in  a  carrying  current  of  water,  which,  in  the 
majority  of  cases,  is  horizontal.  The  faster  the  current  moves,  the  further  will 
the  grains  be  carried.  The  slower,  the  earlier  will  they  settle.  The  various 
foTms  of  apparatus  have  been  designed  uoc^ording  to  their  ability  to  accelente 
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BT  retard  the  eettling  of  the  sand.    They  treat  slimes  which  overflow  the  last  of 

he  hydraulic  clagsifiors,  and  the  practice  in  regard  to  the  aizc  treated  is  quite 

amble  in  this  country.    The  maximum  grain,  as  a  rule,  ranges  from  0.03 

ch  (0.6  mm.)  to  0.01  inch  (0,25  mm.)  in  diameter.     Linkenbach  recommends 

*f>.185  mm.  as  the  proper  size  for  this  treatment.     Their  products,  with  a  few 

exceptional  cases,  are  suitable  for  treatment  on  tjibles  and  vanners. 

The  hydraulic  is  omitted  from  these  groups  for  the  following  reason:  The 
process  has,  up  to  this  point,  been  adding  water  to  the  pulp  at  every  step.  It  ia 
advisable  from  this  point  on,  to  distribute  the  pulp  without  further  addition  of  j 
water,  unless  the  consequent  eacrifiee  of  fine  slime  which  passes  down  with  the 
spigot  product  and  is  lost  in  the  subsequent  concentration,  is  too  great.  The 
spigots  used  with  the  box  classifiers  arc  similar  to  those  used  in  the  hydraulic 
classifiers.  They  are  chiefly  the  pipe  and  plug  spigot  and  goose  neck.  Of  thest*, 
atter  finds  more  application  here  than  with  the  hydraulic  classifiers,  owing  to 
__  eat  depth  of  these  boxes  and  to  the  fact  that  the  slimes  flow  more  freely  than 
coarser  sands  of  the  former  class.  A  mo,ct  excellent  device  is  a  large  screen 
rith  holes  1  mm.  in  diameter,  to  screen  out  the  fibre  from  all  the  pulp  running 
box  classifiers.  This  allows  the  use  of  small  spigots  and  of  concentrated  pulp 
the  spigots.  It  will  be  some  trouble  to  keep  this  screen  clean,  but  the  addi- 
lional  ore  saved  may  much  more  than  offset  it. 

The  capacity  of  a  box  classifier  is  measured  by  the  quantity  of  water,  rather 

than  by  the  quantity  of  dry  slime  fed  to  it*     To  do  its  best  work,  it  must  have 

ae  right  quantity  of  water  to  establish  its  regular  washing  currents.     The  con- 

itions  of  the  hydraulic  classifier  are  such  that  it  will  never  send  pulp  that  is 

"ense  for  treatment  in  a  box  classifier.     The  overflows  of  hydraulic  classifiers 

ibly  contain  less  than  3%,  and  in  some  mills  they  will  not  have  over  Ifo 

of  solid  dry  slime. 

There  are  two  logical  methods  of  supplying  and  using  the  carrying  current, 
imely,  a  surface  current  flowing  over  a  stagnant  bottom,  and  a  whole  current 
which  all  the  water  is  moving  at  a  nearly  uniform  rate  from  the  receiving 
ad  to  the  delivering  end  of  the  box. 

IV.  StTEFACE  Current  Box  Classifiers. 

1 327.  General. — This  group  includes  Rittinger's  spitzhasten  apparatus  and 
the  various  forms  of  apparatus  in  which  the  sorting  is  done  by  Kittinger's 
face  current,  without  the  hydraulic  current  or  the  plunging  feed.  They  re- 
ible,  in  figure,  many  of  the  forms  included  under  deep  pocket  hydraulic 
lassifiers,  only  they  are  made  larger,  and  are  used  for  treating  finer  products. 
these  classifiers  there  is  a  reason  which  is  additional  to  those  already  given, 
5»*r  omitting  the  hydraulic  water,  for  a  pui^itive  rising  current  of  hydraulic  water 
3ot  be  used  without  making  troublesome  banks  (see  §310),  The  omission 
fdraulic  water  causes  each  spigot  product  to  be  more  or  less  contaminated 

fine  slimes,  which  properly  belong  in  later  spigots  or  in  the  final  overfiow. 

If  a  horizontal  current  of  pulp  passes  over  the  surface  of  a  tank  of  stagnant] 
rater*  all  of  the  particles  contained  in  the  pulp  begin  to  settle,  and  they  do  soi 
Drding  to  the  law  of  free  settling  particles.  Those  having  the  greatest  set- 
ting power  fall  out  first,  and  those  with  less,  later,  ranging  in  a  series  from  the 
tfginning  to  the  end  of  the  current,  according  to  their  settling  power  in  water. 
"  now,  we  divide  up  the  current,  so  that  it  takes  place  in  a  series  of  boxes,  each  a 
wider  than  the  previous,  we  can  obtain  from  the  set  so  arranged,  a  series  of 
cts  '  '  which  is  finer  in  size  than  the  one  preceding  it,  and  the  grains 
-  are  arraDged  approximately  acording  to  the  law  of  free  set* 
ig  ptarticle^,  namely,  the  quartz^  tor  example,  in  any  product,  will  be  larger « 
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in  diameter  than  the  galena.  Theoretically,  this  horizontal  current  eeeniB  to 
be  a  very  perfect  means  of  sorting  slimes ;  practically,  it  is  capable  of  doing  only 
approximate  work,  and  it  can  only  do  this  when  the  laws  controlling  it  are 
understood. 

§  328.  Method  of  Investigation. — In  order  to  study  these  laws  an  investi- 
gation'* was  made  by  the  author,  assisted  by  Mr.  Locke.  This  investigation 
required  some  means  of  coloring  the  liquid  composing  the  surface-current,  of 
seeing  it  when  it  has  been  colored,  and  of  picturing  it  for  further  study  and  com- 
parison. Milk  of  lime,  added  to  the  water,  was  found  to  be  the  best  coloring 
matter;  a  tank  with  one  side  of  plate-glass  permitted  the  colored  current  to  be 
seen,  and  photography  furnished  the  means  of  preserving  its  form,  so  that  it 
could  be  studied  at  leisure. 

The  tank  (see  Figs.  270-273),  which  served  for  a  pointed  box,  was  1,806  min. 
long,  603  mm.  deep  and  203  mm.  wide  (inside  measures).  The  outlet  was  60 
mm.  below  the  top  of  the  tank.  It  had  a  plate-glass  front,  and  was  otherwise 
painted  black  inside.  Within  it  were  two  adjustable  cross-partitions  431  mm. 
long  and  203  mm.  wide,  usually  sloping  58"^  from  the  horizontal.  One^  called 
the  tail-partition,  sloped  downward  and  inward  from  the  outlet;  the  other,  called 
the  head-partition,  sloped  downward  and  inward  from  the  end  of  the  feed-fide 
at  the  inlet.  Both  were  beveled,  to  give  a  sharp,  true  edge  of  contact  Thej 
were  loaded  with  lead,  to  sink  them;  suspended  by  fine  wires,  to  support  them; 
and  wedged  in  place  and  made  practically  water-tight  at  the  sides  oy  tacking 
on  a  strip  of  gunny-sack.  The  leed-sole,  305  mm.  long  by  203  nun.  wide,  was 
packed  and  held  by  the  same  means  as  the  partitions.  Water  was  brought  by 
two  hose-pipes  and  distributed  by  two  pipes  with  many  holes,  to  give  an  even 
current.  Thus  made,  the  box  classifier  was  like  the  Hittinger  spiizkasten  in 
every  respect,  except  that  it  had  no  spigot  to  discharge  water  below  and  its 
sides  were  vertical  (which,  indeed,  is  the  case  also  in  some  of  Hittinger*s  boxes). 

As  representing  nearly  the  speeds  of  the  three  boxes  of  Linkenbach  for  a 
width  of  203  mm.,  three  rates  of  current  were  selected,  namely,  86.4,  57.3  and 
38.6  kilos  of  water  per  minute  respectively.*  In  each  experiment,  the  feed-sole 
and  the  partitions  were  adjusted  as  desired;  the  water-quantity  was  weighed, 
using  a  bucket  and  spring  balance;  the  water-current  was  allowed  to  establish 
itself  thoroughly;  the  milk  of  lime  was  added  till  it  had  just  defined  the  main 
currents;  and  the  flash-light  picture  was  then  taken.  Figs.  270,  271,  111 
and  273  are  copies  of  a  few  of  those  taken  during  the  investigation.  They  show 
that  the  current  is  not  of  ecjual  section  and  velocity,  but  is  in  the  fonn  of  a 
wedge,  widening  downward  and  diminishing  in  velocity  as  it  moves  onwaid,  and 
when  it  reaches  the  overflow  it  has  received  so  much  added  water  from  the  stag- 
nant pool,  that  only  the  top  portion  of  the  current  can  pass  off  by  the  overflow; 
the  rest  passes  down  as  a  return  eddy,  disturbing  the  stagnant  'pool  and  lend- 
ing fine  slimes  into  the  spigot  product,  which  belonged  in  the  overflow. 

§329.  Results  of  the  Investigation. — The  following  conaideiitimu, 
derived  from  the  above  investigation,  show  how  the  quality  of  the  woik  is 
affected  according  as  the  formation  of  a  uniform  current  is  helped  or  hindeied: 
(1)  The  relative  height  of  feed-sole  and  overflow.  (2)  The  slope  of  the  feed- 
sole.     (3)  The  quantity  of  pulp  per  unit  of  width. 

In  regard  to  the  height  of  the  feed-sole,  the  experiments  of  the  aufbor  cw- 
roboratc  the  position  held  by  Bittinger,  namely,  that  the  surface  of  the  Head^ok 
at  the  junction  with  the  box  should  be  exactly  level  with  the  overflow.  If  it  i» 
25.4  mm.  above  the  level,  a  plunging  stream  (see  Fig.  273),  which  aeeb  tlie 
bottom  of  the  box,  will  be  obtained ;  less  elevations  will  tend  in  the  same  di^e^ 

•  The  exact  flinires  should  have  been  89.1,  69.8  and  89.5  kUoa  for  the  width  oC  SOI  am.   T 
bj  aoddoit,  hot  the  dlff eranot  la  of  DO  mooMDt  in  thii  eooneotSoB. 
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fa  in  a  h'KS  di>grw.  If  it  is  ilcpiTSi?C'd  25. 3  mm.  k^low  the  overflow,  the  volocily 
[giTady  i'«-iiinl«'<l  and  the  current  wedge  widened;  le.'^t*  depressicms  have  the 
me  olTeet  to  n  le^s^  d(*i:rfT'. 


^U,    :^T0, — iiiED    UOmZOXTAL   AND    LEVEL    \\ jL  _.._i.      CUHUEKT,    SGA   KILOS 

■  PER  MINUTE.      WEDGE  ANGLE,   10^. 

In  regard  to  the  Blnpe  of  the  feod-sole,  it  is  fonnd  that  if  it  is  horizontal,  an 
bregnlar  bank  of  gediment  will  settle  npon  the  feed-pole,  deranging  the  evenness 


*ia,   ^71. — FEED   lIOiUZONTAL   AND    LEVEL    WITH    OUTLKT,      CURflENT,   38.G    KILOS 
~  PEl^    MINUTE.      WEDOE    ANGLE,    20°* 
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Of  tnat  made  by  the  surface  of  the  water  with  the  plane  of  the  head 
:  the  box,  then  the  current  will  dive  down  and  hug  the  head  end  of  the 
The  elope  angle  of  the  feed-sole,  which  gives  the  best  results  is  6*",  possi- 
rying  to  10^  Compare  Fig  273  with  270  and  ;271,  with  all  the  different 
quantities.  It  gives  the  highest  speed  of  current,  the  narrowest  wedge 
and  no  sediment  on  the  feed-sole.  On  the  other  hand  it  is  true  that  the 
*  the  velocity  of  the  water,  the  narrower  will  be  the  wedge  angle.  It  is 
ne  that  the  5*^  feed  slope  appears  to  reach  a  minimum  in  this  respect,  and 
ligli  speed  of  water  was  attained  by  using  a  cycloidal  feed-sole  with  152.4 
all,  no  gain  was  found  in  the  angle. 

regard  to  the  quantity  of  pulp  per  unit  of  width,  it  is  found  that  the 
ing  of  the  current  and  the  increase  of  the  wedge  angle  are  less  with 
and  more  with  smaller  quantities  of  pulp.  For  example,  with  5°  slope 
3'fole,  feeding  pulp  at  the  level  of  the  overflow,  angles  of  the  current 
were  obtained  as  given  in  Table  239.     Compare  also  Figs,  270  and  271. 

K WEDGE    ANGLES    FOR    DIFFERENT    QUANTITIES    OF    PULP    PER    UNIT 
OF  WIDTH- 

riiow  the  proportion  between  the  overflow  and  the  eddy  current,  an  ap- 
late  estimate  was  made  of  the  two  quantities,  which  yielded  the  values 
in  Table  240.    These  figures  give  an  approximate  idea  of  the  amount  of 

240. — SHOWING    THE    PROPORTIONS   BETWEEN    THE    OVERFLOW   AND    EDDY 
CURRENTS   FOR   VARIOUS   RATES   OF   FEED. 


Pulp  per  Minute 

por  Meter  of 

Width. 

Width,  Corre 

8F»ondiiig  to  100 

Liters  Pulp 

per  Minute. 

Anglefl  Of  the 
Current  Wedge. 

Llten. 
496.1          1 
889.0 

190.0 

Mm. 

851,6 
59ft.4 

Degrees* 

10 
«0 

F«e<l  Water 
per  Minute. 

O^f^ow  per 
MiDuta. 

Eddy  Current 
per  Minute. 

R&tio  of  Eddy 

Current  to  Feed 

Water 

Kflo«. 

R7.3 
38.0 

KilM. 
88.1 
C7.S 
88.0          1 

KUoa. 
182.1 
868.7 

15 
4.6 
6.0 

picked  up  by  the  main  current,  while  forming  the  wedge,  during  its 
e,  which  amount,  of  course,  is  equal  to  that  given  up  in  the  return  eddy 
;,  It  should  be  noted  that  the  top  of  the  wedge  is  moving  much  more 
'  (275  mm.,  211  mm.  and  179  mm.  per  second,  for  the  three  ratios  of 
iven  above),  than  the  bottom  of  the  wedge  at  the  widest  part  (76  mm., 
J.,  anil  3f»  nim,  per  second).  To  try  to  reduce  the  eddy  current,  the 
'  ^'d  with  a  horizontal  board  perforated  with  holes  6.35  mm. 

'5-4  mm.  from  center  to  center,  one  row  staggered  with  the 
d  over  the  .stagnant  pool,  for  confining  the  current  at*  the  surface, 
that  it  largely  does  away  with  the  mixing  of  fine  silt  with  the  spigot 
if  a  halanccMl  livdraulic  is  used*     The  advantage  is  more  marked  with 
-    •   cd  than  with  the  lower. 

'^  conclusione  are  that  the  box  classifier  ie  a  scieati&cail:^  \sm^x* 
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feet  apparatus.    It  cannot  be  fed  with  sueh  a  product  or  at  such  a  rate,  or 
with  such  adjustments  that  it  will  do  perfect  work.    There  is  always  the  return 
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PIG.  274a. — PLAN  OF  rittinoer's  spitzkasten  apparatus. 


FIG.    2746. — LONGITUDINAL    SECTION. 
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FIG.      2  7 5a. — LONGITUDINAL  FIG.  275&. 

SECTION      OF      FIRST  — C  R  OSS 

BOX.  SECTION. 
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PIO.     276flr. — LONGITUDINAL    SECTION 
OF   SECOND   BOX. 


PIO.   2766.— 

GROSS    SEC- 
TION. 


eddy  current  to  contaminate  the  spigot  product.    In  this  respect  it  differs  froa 
the  best  of  the  hydraulic  classifiers,  for  they  can  do  perfect  work  if  they  «• 
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run  slowly  with  plenty  of  hydraulic  water,  and  their  departure  from  perfect 
urnrk  is  due  to  the  rush  and  drive  to  get  commercial  rcBuJts.  To  get  the  best 
hrsults  from  it  with  normal  running,  use  5""  slope  for  tlie  feed-sole,  enter  the 
l^cd  at  the  level  of  tlie  overflow  and  have  the  overflow  perfectly  level.  To  get 
the  best  results  where  it  is  desired  to  keep  rich,  fine  slimes  out  of  the  earlier 
spigot  products,  use  slightly  deficient  hydraulic  water,  which  nearly  supplies 
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TIQ.      2776,— 0R0S8        PIG.   3770. — LONOITUDTNAL  SECTION  OF  THIRD 
BECTION.  BOX. 
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FIO.   2786. — OBOBS  SECTION* 


278a. LONGITUDINAL  SECTION   OF 

FOUETH  BOX. 

spigot  with  wat^r.    This  will  be  commercially  wise  only  when  the  fine 

are  I'ery  rich.     The  supply  of  hydraulic  water  is  better  introduced  from 

go  aji  not  in  any  way  to  disturb  or  interrupt  the  surface  current.     The 

Iranlic  pipe  in  this  case  is  best  of  large  size  in  order  that  the  hydraulic  water 

By  have  a  low  velocity. 

nng  a  surface  current  with  a  whole  current,  the  former  stretches  out 
I A  in  space  to  suit  the  positions  of  the  machines  and  at  the  same  time, 
prrfect  surfing.    The  machines  following  a  surface  current  appa- 
Ucr  Bortcfl  products  for  feed. 

KiTHNaER-3  PoiNTKD  JiOXKS  Ott  SPITZKASTEN  APPARATUS. — ^(Scc   Fig^S. 

) — ^This  is  a  scries  of  hopper-shaped  or  pomted  \yQ^e%  va  ^\v\Os\  'Ow^i 


440 


OBS  DRSaaiNQ. 


§ 


width  of  each  is  double  that  of  its  predecessor,  while  the  lengths  increase  by 
arithmetical  progression.  He  recommends  for  each  Austrian  cubic  foot 
(31.5857  liters)  of  pulp  fed  per  minute,  a  width  of  0.1  Austrian  foot  (31.6108 
mm.)  for  the  first  box  and  the  sizes  of  boxes  which  he  gives  for  treating  20 
cubic  feet  (631.7  liters)  per  minute,  making  four  spigot  products  and  an 
overflow,  are  shown  in  Table  241. 


TABLE   241. — SIZES 

OP  rittinoeb's  pointed 

BOXES. 

Width  of  Box. 

Length  of  Book. 

Austrian  Feet 

Istbox 9 

Sdbox A 

Sdbox 8 

4th  box 16 

Mm. 

ess 

1,964 
9,599 
5,068 

Austrian  Feet 

Istbox 6 

9dbox 9 

Sdbox 19 

4th  box 16 

Mm. 
1,807 

5749 

The  sides  h  of  the  boxes  must  slope  as  much  as  45°  with  the  horizontal  else 
banks  will  form  which  arc  liable  to  slide  down  and  choke  the  spigot.  He  recom- 
mends 50°  as  a  good  minimum  slope  to  adopt.  If  the  slope  is  steeper  than  50' 
for  the  larger  boxes,  they  become  unreasonably  deep  and  require  too  much  mill 
height.  If  a  spigot  is  placed  at  the  apex,  too  large  a  quantity  of  discharge  will 
be  made;  a  rising  discharge  t  (see  also  §296)  will  be  preferred.  For  the 
first  spigot,  the  outlet  of  the  rising  discharge  should  be  3  to  3^  feet  below  the 
surface  of  the  water  in  the  box ;  for  the  last,  2  to  2\  feet. 

Rittinger  gives  the  following  instructions  in  regard  to  the  use  of  his  box 
classifier  pr  spitzkasten  apparat.  The  feed-sole  h  must  be  horizontal  and  at  a 
level  with  the  overflow.  The  launders  connecting  the  boxes  must  slope  as  follows: 
Feed  to  first  box,  1  to  1^  inches  in  6  feet;  between  first  and  second  box,  i  to  } 
inch  in  6  feet;  between  second  and  third  box,  i  to  ^  inch  in  6  feet;  between 
third  and  fourth  box,  it  to  :|  inch  in  G  feet.  The  launders  need  a  section  of 
5  square  inches  for  each  cubic  foot  of  pulp  passing  through  them  per  minuta 
Distributors  will  be  needed  to  feed  pulp  evenly  to  the  whole  width  of  the  later 
boxes.  Where  the  overflow  is  collected  in  a  launder  across  the  end,  the  water 
should  have  a  drop  of  4  to  6  inches,  to  guarantee  no  backing  up  and  disturbance 
in  the  current  in  the  box. 

In  construction.  No.  1  and  No.  2  boxes  will  have  vertical  sides  and  sloping 
ends;  No.  3  and  No.  4  boxes  will  be  hopper-form  with  all  four  sides  sloping 
to  a  point.  No.  4  needs  a  vertical  gate  or  deflector  q  extending  18  inches  down 
from  the  surface  to  within  6"  inches  of  the  sloping  end,  and  placed  18  inchefl 
from  the  feed  end.  This  defiector  removes  this  box  from  the  surface  current 
classifiers  and  makes  it  a  whole  current  classifier.  The  goose-neck  spigot  must 
not  choke;  it  can  be  cleared  by  wire  outside,  by  little  spatula  inside,  or  by 
pulling  out  the  plugs. 

The  whole  feed  pulp  may  pass  through  a  screen  with  1-mm.  holes  to  sift  ont 
coarse  rock  and  fibre  before  reaching  the  box  classifier.  The  apparatus  should 
run  continuously,  as  it  requires  care  in  starting  and  takes  a  little  time  to  get 
into  good  running  order.  It  should  not  be  stopped  at  the  moment  the  ore  stops, 
as  it  will  choke  with  the  sediment  still  floating  in  its  boxes. 

The  diameter  of  the  spigot  pipes  must  be  from  i  inch  to  |  inch,  according  to 
circumstances.  The  per  cent,  which  each  spigot  product  is  of  the  total,  may 
be  40  for  the  first,  28  for  the  second,  18  for  the  third,  10  for  the  fourth  and 
4  for  the  overflow ;  or  stated  in  weight,  the  yield  will  be :  In  No.  1  spigot,  25 
pounds  dry  slime  per  cubic  foot  of  water;  in  No.  2,  20  pounds;  in  No.  3, 15 
pounds;  in  No.  4,  10  pounds;  in  the  overflow,  3  to  6  ounces. 

Separate  boxes  with  conneetmg  \vvmiiiQst%  (j^igiUiilMAteti  a^parat)  are  reoomr 


i<lod,  where  over  10  cubic  feet  of  pulp  per  minTitc  are  to  be  treated,  and 
ere  lose,  the  hoppers  are  to  be  made  all  in  one  tank,  widening  from  feed  to 
brflow  (spitigerinne). 

■If  a  box  claff^ifier  has  only  a  portion  of  the  quantity  of  pulp  it  is  designed 

for,  the  quantity  must  be  brought  up  with  dear  water,  or  vertical  longitudinal 

^■rtitions  18  inches  deep  and  not  necessarily  extending  to  the  bnttom,  may  be 

Hbpped  in,  using  a  proportional  part  of  the  boxes»     In  ca^c  the  fine  Blime  eon- 

Cminating  the  earlier  spigots  is  very  rich  and,  therefore,  eaueies  too  much  loss, 

ke  use  of  a  balanced  hydraulic  is  recommended  to  supply  sufficient  w^ater  for 

t-pigot  discharge,  but  no  more, 
iThe  great  advantages  resulting  from  the  displacement  of  the  labyrinth  by 
ltinger*s  spitzkasten  apparai  are:  The  labor  of  shoveling  is  saved  by  the 
itinuous  feed  and  discharge;  the  ore  is  not  settled  down  hard,  requiring  to 
softened  up  and  diluted  before  its  final  treatment;  the  greasy  flotation  and 
due  to  partial  drying  of  pulp,  is  avoided. 
^1  331,  Lixkenbach's  Pointed  Boxes,  Dimensions  m  the  Hahz, — Linken- 
ich  recommends  for  100  liters  of  pulp  per  minute^  0.25  mm.  to  0  in  diameter, 
\^bQx  classifier  with  three  hoppers,  widening  from  175  mm.  at  the  feed  end  of 
^b  first  to  605  mm.  at  the  overflow  end  of  the  last  (spitzgerinne),  which  has 
^TOiiddle  width  of  first  box  of  228  mm. ;  of  second  box  of  342  mm. ;  and  of 
third  box  of  513  mm.     A  box  classifier  for  fiOO  liters  per  minute  would  be  six 

Ics  those  widths.     The  length  of  the  boxes  he  makes  3,600,  4,800  and  6,000 
I.  respectively,  whatever  may  be  the  width.     The  size  of  the  rising  spigot 
?8  or  goose-necks^  is  30X30  mm.,  and  their  outlets  are  600  to  700  mm. 
>w  the  water  level  inside  the  boxes,  the  earlier  deeper  than  the  later.     He 
Jinmends  the  50*^  minimum  for  slope  of  sides,  a  feed  sole  sloping  6J°  accord- 
to  his  drawing,  and  entering  at  the  level  of  the  overflow,  cross  partitions 
Ijetween  the  hopjjcrs,  which  come  to  the  level  of  the  overflow.     In  case  a  box 
sifier  for  900  liters  per  minute  is  wanted,  in  which  the  loss  of  mill  height 
uld  be  large,  he  recommends  cutting  down  that  height  by  replacing  each  hop- 
by  several  small  hoppers.     He  would  have  6  hoppers  for  the  first,  6  for  the 
ond  and  9  for  the  third. 

In  the  Harz*  a  spitzkasten  apparatus  with  four  boxes,  treating  9  tons  dry 
';ht  of  finely  stamped  ore  in  24  hours,  has  the  dimensions  given  in  Table 


TABLE   242. — DIMENSIONS   OF   A   SPITZKASTEN   APPARATUS    IN   THE   HARZ. 


LenfTth  At 
W»ter  Levet 

Width  M 
Water  Lend. 

Bepih, 

Nal 

Ko.  S...*.. 

Ho.  8. 

i,n 

2.00 

8.40 
4.38 

Meters. 
0.48 
0.7» 

a.3CM 

Muterf, 
1  15 

a. 304 
t.860 

No,  4 

i  332.  Surface  Current  Box  Classifiers  in  the  Mills* — Table  243  shows 

box  dassifiers  from  the  mills  which  are  believed  to  nse  surface  currents, 

first  nine  and  the  last  two  in  the  table  are  practically  the  Rittinger  pointed 

les.     The  remainder  are  V  boxes*  but  are  so  short  that  they  probably  act  as 

face  current  and  not  as  whole  current  classifiers.     They  all  discharge  continu- 

Ij  by  spijerots  and  have  no  hydraulic  water.     The  slope  angle  of  the  sides  and 

'  tof    ■     '    v*_*s  is  generally  steeper  than  Rittinger s  50*^. 

1  fed  is  in  almost  every  case  the  overflow  of  a  preceding  classifier* 
BTO  are,  however,  two  cases  of  entirely  exceptional  character.     In   Mill  31., 
one  apparatus  treating  ore^  which  is  fed  mt\i  ua^^mi"fe  ol  «i  Vtmsi. 


442 


ORE  DBSaaiNG. 


332 


TABLE  243. — SURFACE  CURRENT  BOX  CLASSIFIERS. 

Abbrariatioiis.— di8.=sdi8tributor8:  dis.  b.=di8tributinff  box;  Ft.sfeet;  Hy.sbydnuiUc;  hr.  cL=b]rdniiUe 
clABsifler;  lD.=inche8;  J.  H.= jiff  batches;  1.  d.=lowerdeck;  mid. = middlings;  Na=number;  OT.asorerflowof; 
Rit=Rittin|rer:  s.  c.  b.  cl.=8urfaoe  current  box  classifier;  si.  t=slime table;  sp.ssspig^ts;  tr.=trommel;  n.  d. 
=upper  deck;  Un.=under8izeof' unw.=unwatering;  Ver.=verti(»l;  w.c.  box  cL=wholecuiTent  box 


6 

1 

i 

Deilgti. 
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WMth. 

Depth. 

p 

Q^ 
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DestlnAtJon  of 

^ 

Bpteot 
Products. 

OnarfioWdi 

Ft.  In, 

Ft  In, 

Ft. 

In. 

Tn. 

15 

Two  pointed  boxes. 

3    7 

aa 

•P 

0 

\^ 

Ot.   Ko.  1  by., 

a>To  No  liable 

No.  1  w.  t 

Two  iKiiiit^  boxes. 

h  30     3 

47  Fl 

1^ 

classifier. 

(2>ToNolltoble 
(I)Tc*No.  Isl.t. 

box  cl. 

sa 

a     4 

a2 

ca 

°! 

CD* 

eo« 

H 

O,    No,  1  hy. 

Hy.    irata 

rSo^Fip.  n.}        1 

Two  pointed  bf>xes 

with  S  spigots  In 

0      3 

(14 

ttH 

OJ 

classifier 

m  To  No. «  il.t. 

^ 

CK.Nolhy.cl. 
ami  mid.  froro 

(1H«>  To  No.  1 
slime  table. 
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i  slime  taht«>. 

m 
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00= 

eo« 

Part  of  J.  H.. 

B.fitmm.  to(^. 
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boxd. 

m 
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S 

0 

fl 
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No,  a  s,  c; 
boxd. 

^ 

Pointed  boi:c/).... 

4     D 

4 

0 

0 

WH" 

fiiH" 

O.  No.  a  fl.  c, 
box  elsijsifl^r 

To  distribntoTK 
for  jigs. 

No.  4  a.  e 

boxd. 

m 

Pointed  box  to).,.. 

4     0 

4 

0 

0 

64^- 

MW 

Ot.  No.  S  ».  c, 
box  classlfl^r. 
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boxd. 

an 
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8 

0 

10 

0 

5S' 
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as 
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IS     0 

6 

m 

% 
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^w 

a 
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No.  1  w.e 

(0 
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ti 
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fa 

e 

0 
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Ver, 

iM 
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^s 
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0 
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Ot.  No.  I  &  No. 
4  B,  c.  b.  cL 

Ail    to    No     1 
slime  table. 

Ho.  1  s.  e. 
boxd. 

u 

1 

Similar  to  preced- 

fOg. 

18     0 

^s 

0 

0 

0 

^W 

Ter. 

Ot.  No.  3  s.  c. 
box  claaslfler. 

All   to    No.    1 
slime  table. 

No.  I  w.  a 
boxd. 

i] 

Vbox  with  3  sptc^ 
dt«.  (Se«  Fig.  fi!) 

4     0 

it 
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U  n  d  e  r  R  i  ee  of 

(l)ToXo,  9Jir 

No.  i  a  a 

Q 

4 

Ko.  fl  trommel 

l^)To  No.  lOiig. 
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«.B  mm.  to  0. 
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m 
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34     0 
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slime  tabit^^ 
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boxd. 

8S 
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li 

S 
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63^« 

% 

Or.  No.  1  s.  c 
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p«ra. 

box  clft8Slfl*?r. 

for  aiime  table 
!V  sp.  noi  used. 
(l)Tosl.  tor  to 

ae 

Two  points  boxee. 

p«<t 

»«« > 

..,, 

TbiPd   sp    iind 

Wai*a 

OT*  No.  ]  by.  cL 

Ho.  1  Tanner. 
(2)ToNo.Stmi- 

B5 
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5     ^ 

3 

6 

4 

0 

de* 

B7^ 

Ot.    No.  1    hy. 

To  No.  1  btimp- 

Wa^e. 

classlfler. 

Ing  table. 

(a)  These  are  averages,  (b)  The  total  length,  straif^ht,  is  18  feet  8  inches,  (c)  These  are  approximate.  (4 
Pointed  box  with  feed  at  one  end,  and  overflow  at  one  side.  Both  are  on  the  same  level  and  are  10  inches  wide. 
7  inches  high  and  5  inches  below  the  top.  (e)  Pointea  box  with  vertical  sides  at  the  top  12  inches  high,  ra 
at  one  end,  and  has  overflow  18  inches  wide  and  12  inches  deep,  {f^  Pointed  box  with  vertical  sides  at  the 
top  80  inches  high.  Fed  at  one  end  by  a  spout  18  inches  wide  and  12  inches  deep,  {g)  Pointe«l  box  with  verti- 
cal sides  at  the  top  30  inches  high.  Fetl  at  end  over  the  full  widtli.  ih)  Pointed  box  with  two  spigots  and  verti- 
cal sides  at  the  top  51  in«'hes  high.  Fed  at  end  over  a  width  of  4  feet  (i)  Two  pointed  boxes  with  five  spiffo^ 
Fed  over  a  board,  delivering  backward  at  one  end.  ( i*)  Thetie  two  values  are  the  top  and  bottom  widtoi 
'"       "       "  "  ■  3fer^"'  " 


respectively,   (fc)  This  has  four  cross  partitions,  each  8  feet  high. 
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d  and  another  treatmg  middlings,  which  is  fed  with  the  undersize  of  a 

dmiDeK     lu  these  two  cases,  the  first  spigot  product  will  contain  mineral 

rge  as  the  largest  grain  of  gangue ;  the  later  only  will  be  true  sorted 

Id  Mill  15  the  first  box  has  a  horizontal  checker  work  of  wood  etrips  JX2J 
'  es  on  edge,  leaving  holes  1|  inches  square,  which  has  for  its  object  the  con- 

,g  of  the  surface  current  at  the  top  of  the  water. 
Sizing  tests  of  the  classifiers  of  MiUs  22  and  !^8  are  given  in  §  352. 

IV,  Whole  Cubbent  Box  Classifiebs, 
333.  Genebal, — ^The  ideal  classifier  of  thi?  group  is  provided  with  a  feed 
iratus  which  distributes  the  pulp  ovtir  the  whole  cross  section,  starting  all 
parts  of  the  current  alike,  and  maintaining  its  How  at  a  uniform  rate  to  the 
further  end.  It  should  be  designed  according  to  the  rules  given  for  settliug 
tanks,  which  are  preferably  square  with  bottom  divided  up  into  small  hoppers 
(see  §341-348). 

The  speed  of  the  current  is  much  slower  than  that  of  the  surface  current  box, 
and  its  carrying  power  for  the  coarser  grains  is  very  much  less.  Grains  of 
any  specified  size  will,  therefore,  be  dropped  very  much  nearer  the  head  end 
than  in  a  surface  current  apparatus.  If  it  is  discharged  continuously  by  spigots, 
each  spigot  product  will  be  contaminated  with  fine  slimes  which  belong  in  later 
spigot?  or  in  the  overflow. 

These  classifiers  in  the  square  form,  with  hoppers  below,  are  the  most  perfect 
settlers  there  are,  but  they  yield  the  products  so  nearly  together  at  the  etart  that 
unless  this  has  been  allowed  for  in  mill  construction,  the  mill  man  finds  his 
fir^  vanner  or  table  overloaded  and  his  last  ^ith  nothing  upon  it.  This  diffi- 
culty is  easily  remedied  by  launders,  if  the  mill  has  a  little  height  to  spare,  and 
the  advantage  of  the  good  settling  may  be  utilized  in  one  of  two  ways; 

(1)  If  it  is  desired  to  feed  the  machines  which  follow,  with  classified  prod- 
ucts, then  the  collecting  launders  for  the  spigots  will  run  across  under  the  tank, 
collecting  all  the  No.  1  spigots  together  (see  Fig,  279),  the  No.  2  together,  and 
po  on.  Thus,  in  a  case  where  four  grades  of  products  were  being  made,  the 
first  coarser  product  may  be  sent  to  two  or  more  machines  designed  to  treat  it. 
The  No,  2  spigots  will  probably  8upply  one  machine.  The  No, 
3  and  No.  4  spigots  may  need  to  be  combined  to  feed  one 
machine. 

(2)   If  it  is  desired  to  feed  whole  pulp  to  every  machine, 
then  the  collecting  launders  may  run  lengthwise  under  the  tank 
and  Ciieh  launder  receives  a  like  quantity  and  size  as  its  neigh- 
bor from  its  set  of  spigots,  one  each  of  No.  1,  No.  2,  No.  3 
and  so  on,  and  all  the  machines  which  follow  are  fed  alike, 
both  as  to  quality  and  quantity  of  pulp.     Whichever  of  these 
schemes  is   adopted,  the  overflow  is   thoroughly  settled  waste 
water. 
a  tank  will  require  at  the  feed  end  a  large  surface  of  fine  screen,  1-mm. 
[Unched  in  plate,  to  remove  the  fibre  and  chips  of  wood  floating  in  the 
a  vertical  screen  plate,  with  perhaps  |-inch  holes,  to  break  up  the 

3  start  uniform  velocity. 

box  may  give  almost  equally  good  results  if  it  has  sufficient  size,  both 

tion  and  length,  and  has  a  row  of  spigots  along  the  bottom.    The  two 

IttifK  of  products  may  easily  he  oblainod  here  as  in  the  other  case,  by  send- 

'*"'''"■•  spigot  product*  to  the  sucwi^sive  machines  where  approximately 

are  wanted,  or  by  collecting  all  the  8pip;ot  \iTcvA\M\&  \ft%<2^«t 

men  mMTibutiog  them  where  like  whole  pulp  ia  deeiTe^  <m  iJX  tsasLOK^iWi*- 


WlO.  279. 
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TABLB    244. — WHOLE    CUBREXT    BOX    CLABSIFIER8. 

AbbreriatloDi.— c.  t.=OAnTM  Ubles;  di8.=di8tribntora;  dii.  t.=dl8tributiiig  Unk;  Ft=feeC;  H. 
hj.  cL=lijdraiiUc  cUaaiflor;  Insincbes;  1.  d.=lower  deck;  mid. = middlings;  N.=iioiie;  No.=i 
overflow  of:  Ilect.=rectangutAr;  Hit.  t.=RittiiiRer  tables;  s.  c.  b.  cL=siirteoe  eurrmt  box  ciSMlfler; 
■ettUng  took;  sL  t.=siime  table;  Ta.=taUiiigs  of;  ▼aQ.=nuiiier;  Ver.=Tertioal;  w.  c  box cL= whole 
box  daailfler. 
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Food, 


Ot.No.  li.c.b.c]. 
Ot.  No.  1  hy.  cl.» 


Ta.Ko.EJig.. 
Ot,  No.  1  w.  0.  b. 


Ow.  No.  i  w.  c. 

box  eluwtfler. 
Ot.  No.  a  w.  c. 

b{>x  clasiilfl«r. 
(/> 

Ot.  Mo.  1  hj.  d 

Ot.  No.  I  w.  c, 
box  clAsalHer. 

Ot.  No.  9  by,  d. 
£No.  la.  0.  D. cL 

Ot.  No.  1  hy*  cL 


Ot.  No.  1  dbi,  t 


ToKot8iLtable.Waite. 


Ot.  No.  S  w.  c. 
box  claasiHiT. 
<,..tO¥.No.aa^ci.b.cl. 


AUtoZfaSJ^.. 

Cla)ToNowlaLL 
(tblToNo^StfLt. 

mNotuaed..... 

0.  SsLt 

AUtoNo.4aLt.. 

To  dli.  for  Bit.  t. 

To  Wood  burr 
wmerx. 

To  sUtos  tablCL 

All  to  Ld,ol  Mo. 
3  alime  table. 
(UToNo,  1  sLt... 
m  To  No.  2  si.  t.. 
(8)  To  Nosu  1  aad 

8sl.  t. 
(4)ToNrt,  8el.  t,., 
ClHS.^ToNo.7Fan. 
fSK4)ToNo.8TBo, 
(l)C>jToNo.d7ui. 
{ ax  4  ^Tq  No.  10  van 
ToI«7o.  SsL  t... 


No.lMtt 
NalfM.Lv 

NOL  t  w.  E 

boxd. 
No.  I  V.  a 

hoxcL 


Ho.  4  V.  & 

Kd. 
<a) 


Co.  i  V, «» 
boxcL 
Waala 


Ot.  No.   1  w,   c. 
box  clajwiBer. 
Ot.  Nos.  1  and  2 

Mid.  Ld.  ofsl.  L. 

Ot.  Nob.  1  and  9 
by.  cL 

im 

Ot.  No.  Shy.  el.., 
OT.No.4by.<il.. 


%  Ot.  Not.  1  and  9 

hy.  cL 
Ov.  Noft.  9  and  h 

hy.cl. 
Of,   No.  I   w.  c. 

hox  claaalfler. 
Ov.hy.cL..... 


9pigoi    of  No,   I 
UD watering  box. 


0».  No.  1  w.  c 
box  cLaAtffler. 
H.  Ixt  aet  of  c  t 


(1>  To  No.  liable, 
m  To  No.  9  taW*. 
m  To  No.  a  tabto 
(4)  To  No.  4  table. 
To  3 


fa) 


No  Idlit 


No.  I  «.  a 
boxd 
No.  l»it 


No.  I  ».  & 

bold. 
HalatAt 

No^Imtt 

No.  i  «■  & 
boxd 


Hali«.t. 


(a)  Cooe  with  feed  about  6  inches  above  overflow  (see  C,  Fig.  9M).    (b)  Dlametar. 
with  a  croKS  dam  21^  inches  high  and  a  vertical  deflector  1  inch  thick  and  8  inches 

from  the  feed  end.    (e)  Rectanfnilar  box  with  a  cross  dam  to  iU  full  height  and  four  spjgota.'   ,.., ^ 

of  slime  table  are  also  fed  to  aecond  compartment,    (d)  Pointed  box  with  one  end  verticaLl,  one  end  aloptaig  47)4* 
and  each  side  sloping  65«.  (d<f )  Box  with  two  compartments  each  with  one  aide  Tertical,  one  side  sk»^ng  40*  aad 


each  end  eloping 


(e)  Soiiietimea  to  No.  1  settling  tank  but  uauallv  to  pood,  (ee)  A  V  box  with  I  MOt 


Ends  are  vertical  andsidfs  are  vertical  for  10  inches  and  thep  slope  IS6U*  ^'^to  boJtboL    (/)  Spigotjcl^rtaJI 


uawMtertag  box  and  middlings  of  No.  1  and  No.  8  slime  tables. 


tank  with  hoppon.    (g)  TUi  aka 


446 


OBS  DBBSamQ. 


§834 


Where  wooden  hoppers  are  not  provided  on  the  bottom  of  lectagnlar  tankg, 
or  where  V  tanks  are  used  and  these  tanks  have  spigots  for  continuous  dis- 
charge distributed  over  the  bottom,  then  the  sediment  will  shortly  make  its 
own  hoppers  with  almost  the  same  regularity  as  those  made  of  wood.  These  sand 
or  slime  hoppers  are,  however,  not  regarded  with  favor,  as  they  are  liable  to 
petty  land  slides,  which  may  cause  derangement  and  temporary  clogging  of  the 
spigots. 

§  334.  Data  from  the  Mills. — In  this  group,  however,  the  author  is  forced 
to  place  a  great  variety  of  irregular  current  classifiers  which  only  imperfectly 
realize  the  ideal  whole  current  (see  Table  244).  Many  of  them  use  plunging 
streams  which  give  a  rapid  current  along  the  bottom  toward  the  tail,  favoring 
the  holding  of  particles  in  suspension  for  the  purpose  of  distribution  an^ 
therefore,  hindering  settling.  Some  of  them  give  surface  currents  which  rush 
toward  the  tail  until  dissipated,  but  their  forms  are  not  calculated  to  realize 
the  advantage  of  surface  currents,  if  that  was  their  purpose.     Others  seek  by 


SECTION  ox  XY. 


FIG.  280. — SKETCH  OF  ERSKIXE  RAMSEY  SLUDGE  TANK. 


other  means  the  acromplislimont  of  the  same  result;  for  example.  Mill  24  uses 
a  series  of  four  tanks,  the  food  to  each  of  which  has  a  tube  or  deflector  to  force  a 
stron^^  current  to  the  l)otloin,  and  thereby  prevent  quiet  settling,  while  favoring 
distribution.  Mill  40  has  cn)ss  partitions  with  openings  in  them  near  the  bottom. 
These  hasten  the  eurrent  and  prevent  settling,  again  favoring  distribution.  The 
idle  top  in  this  ease  has  tlie  furtlier  curious  effect  that  the  surface  water  is 
almost  perfectly  clear,  it  having  no  olVice  to  perform.  Mill  30  has  cross  parti- 
tions with  notches  cut  in  the  top  and  holes  left  at  the  bottom,  both  for  hasten- 
ing the  current  to  prevent  settling,  and  favoring  distribution.  In  all  case?, 
except  Mill  78,  the  disehar^^o  is  by  a  continuous  spigot. 

Sizing  tests  of  the  products  of  the  classifiers  in  Mills  28,  30  and  38  are  given 
in  §  35^^. 

§  335.  The  Ramsey  Sludge  Taxk  (see  Fig.  280),  used  for  removing  waste 
from  fine  coal,  is  worthy  of  being  brought  to  the  notice  of  concentrating  works. 
It  consists  of  a  short  vertical  cylinder  with  a  conical  bottom  and  a  gate  c.  at  the 
apex,  for  removing  the  sludge.    Near  the  top  is  a  circular  deflecting  plate  a, 
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distribute  radially  the  water  and  sludge.  Above  it  is  a  vertical  pipe  for  feed- 
tig  the  Kjime,  mid  beneath  it  a  vortical  discharge  pipe  h,  loading  to  pulsometcr 
>am  punipg^.  A  fresh  water  pipe  with  a  regulating  ball  lock  g,  is  also  pro- 
dded to  furnish  additional  water  in  case  the  quantity  falls  olf.  The  water 
irrents  are  indicated  by  the  long  arrows  and  the  faliiog  kludge  by  the  short 
arrows.  The  principle  of  distributing  and  settling  appears  to  be  very  perfect 
It  yields  slate  and  pyrite  in  the  sludge,  while  the  lighter  cool  is  carried  over 
lirough  the  pulsometer  pumps  to  a  Robinson  coal  washer. 
§  336.  BtJTTGENBAcn's  Separator,  used  at  Tamowitz,  belongs  in  this  group, 
lis  is  a  box  about  1  meter  j^quare  at  the  top,  Ixts*  meters  at  the  bottom  and 
3ut  2  meters  high  (stt*  Figs.  281a  and  2816).  In  it  are  four  hoppers,  each 
out  i  meter  square;  the  lower  two,  la  and  Ih^  are  side  by  side,  the  other  two, 
and  ///,  are  above  them,  and  one  over  the  other.  The  puJp  enters  the 
ower  two  through  a  column  tube  t,  being  divided  equally  between  them,  then 
ises  over  the  side  of  the  third  and  finally  over  the  fourth,  overflowing  from  it 
id  delivering  a  spigot  product  from  each  of  the  four  boxes,  the  first  two  being 
ike  and  mixed  together.  It  is  fed  with  2-mm.  stuff  at  the  rate  of  L7  cubic 
at'ters  (1,700  liters)  pulp  per  minute,  containing  about  27  kilograms  of  solid 
aaterial.    The  stuff  in  the  first  two  boxes  is  between  2  and  1  mm.  in  size. 


m 


WIQ.  281a. — LONGITU- 
DmAL  SECTION  OF 
B  OtTQENBACH'S 
SEPARATOR. 


F  I  Q.     2  8  1  h.— 

CROSS    SECTIOK. 


About  18  kilograms  are  discharged  from  the  first  two  and  the  rest  from  the 
Ft  two  spigots  and  overflow.    The  apparatus  is  compact,  but  not  convenient 

control. 

§  337.  Labyrinths  and  Runs  are  whole  current  box  classifiers  in  which  the 
ttli^d  product  is  allowed  to  accumulate,  the  apparatus  being  stopped  pcriodic- 
lly  for  its  removal.  It  ia  difficult  to  draw  lines  and  give  exact  definitions  of 
pe  apparatus  included  under  this  head,  since  writers  differ  somewhat.  The 
athor  will  use  the  word  labyrinth  to  signify  those  long,  narrow,  shallow  boxes 
liich  increase  in  section  in  series  and  each  successive  member  of  which  is  fed 
the  overflow  of  the  predecessor.  They  act  upon  the  principle  of  free  settling 
irticles.  He  will  use  the  term  run  to  signify  those  boxes  of  like  form  which 
|ve  the  tail  built  up  by  additions,  as  the  sand  builds.     These  depend  in  the 

sin  upon  the  free  settling  conditions,  but  instances  may  be  found  where,  by 
L*ning  the  water,  widening  the  box  or  steepening  the  slope,  they  become  more 
ke  tyes  (see  §  507),  which  act  by  the  sizing  action  of  a  film  of  water. 

Such  forms  as  these,  which  come  between  the  deeper  settling  box  and  the 

illower  tye,  must  of  necessity  have  a  conflict  of  two  opposite  principles, 
lmely»  that  of  the  settling  tank,  which  settles  the  largest  particle  at  the  earnest 
^int,  and  that  of  the  filJLU  sizing  bnddle,  wliich  rolls  the  lurgitst  grain  to  the 

tbcst  point. 
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The  labyrinth  is  practically  out  of  date  now,  but  as  it  does  exist  in  some 
places,  for  example,  in  Cornwall,  an  instance  is  given.*  It  is  composed  of  the 
following  parts  arranged  in  series  which,  after  being  charged  with  sand  or 
slime,  must  be  stopped  and  shoveled  out. 

1st.  Two  shallow  troughs  in  series,  each  4  to  6  feet  long  and  10  inches  wide, 
the  head  end  being  deeper  than  the  tail.  The  first  yields  coarser  sand,  the 
second,  finer  material. 

2d.  A  number  of  troughs  in  series,  each  12  inches  wide,  12  inches  deep^  the 
total  length  being  90  to  100  feet.  The  width  may  increase  toward  the  tail 
The  first  trough  may  slope  slightly,  say  0.06  or  0.07  inch  per  foot,  and  the 
last  one  not  at  all,  or  they  may  all  have  no  slope. 

3d.  Boxes,  6  to  10  feet  square  and  3  feet  or  more  deep,  there  being  three  or 
four  of  them  in  series. 

4th.  Boxes  similar  to  the  preceding,  but  of  larger  dimensions. 

6th.  Two  reservoirs,  each  with  an  area  of  several  hundred  square  yards,  may 
also  be  needed.     If  these  are  used,  some  of  the  other  boxes  may  be  omitted. 

The  disadvantages  of  this  apparatus  are:  (a)  It  is  an  intermittent  washer. 
(h)  The  shoveling  is  expensive.  (c)  The  settling  makes  compact  masses 
which  must  be  wetted  again  for  subsequent  treatment,  (d)  The  partial  drying 
causes  loss  by  greasy  flotation.  In  case  it  is  desired  to  run  continuously,  a 
duplicate  set  is  necessary,  one  set  being  filled  while  the  other  is  being  cleaned 
out. 

§  338.  Runs  formerly  had  an  extensive  application,  but  to-day  they  are 
found  in  but  a  very  few  mills  in  places  where  it  is  desired  to  extract  a  small 
amount  of  partially  concentrated  material  from  a  large  amount  of  low  grade 
sand.     They  have  the  same  disadvantages  as  labyrinths. 

As  described  by  Rittingor,  for  use  on  sand  up  to  1  mm.  diameter,  the  runs 
should  be  10  to  12  inches  deep  and  should  have  at  the  head  ends,  gates  elevated 
2  inches,  followed  by  dams  3  inches  high,  to  get  even  distribution.  At  the  tail 
end,  the  dam  is  built  up  of  1-inch  square  pieces  running  across  and  held  in 
place  by  cleats  on  the  sides.  A  new  piece  is  added  as  soon  as  the  building  of 
the  sand  demands  it.  The  sizes  recommended  for  each  cubic  foot  of  pulp  fed 
per  minute,  are  given  in  Table  245.  The  tail  of  No.  1  box  should  be  above  the 
feed  of  No.  2  and  so  on. 

TABLE  245. — SIZES  OF  RUNS  FOR  EACH   CUBIC   FOOT  OP  PULP   FBD  FEB  MINUTl 


Width. 

Length. 

Slope  in  12  F^et 

First  l>ox 

Feet. 

Mi 

Feet. 
12 
18 
S4 
80 

Inches. 

LeveL 
Level 

S<HJond  box 

Third  box 

Fourth  box 

In  Mill  45,  the  tailings  of  the  finishing  jigs  go  to  two  No.  1  runs,  the  ove^ 
flows  of  which  go  to  one  No.  2  run.  The  dimensions  of  these  are  given  in 
Table  246.     They  yield  settlings  to  jigs  and  final  overflow  to  waste. 


TABLE  246.— RUNS   IN  MILL  45. 

^ 

Length. 

width. 

Depth. 

Slope. 

Interval  of 
Cleaning. 

No.  1  run 

No.  9  run 

Ft.    In. 
18     8 
63     0 

Ft.    In. 
2     0 
9     7 

Ft    In. 
0    «'' 

Deg.  Min. 
r    86 
0     46 

Hours. 

6 

M 

Mill  79  has  a  rough  form  of  classifier  without  hydraulic  water,  and  with  s 
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hole  current,  and  it  is  ijoniewhrit  Hiunlar  to  tyts  and  nins  in  118  action.  It 
insists  nf  a  launder  15  ff^t  long,  16  inches  wide  and  16  inches  deep.  Vanner 
ilings  are  fed  at  the  middle  and  flow  toward  the  two  ends,  discharging  graded 
rodnets  through  1-inch  holes,  of  which  there  are  six  distributed  through  the 
agth  of  each  half  and  one  in  the  middle,  thirteen  in  all.  The&e  products  go 
13  riffle  boxes,  where  some  of  the  heavier  stuff  ia  caught,  while  the  lighter 
ZDnterial  passes  over  to  three  other  classifiers  similar  to  the  preceding.  The 
one  for  the  coarser  material  is  30  feet  long,  10  inches  wide  and  13  inches  ileep. 
The  bottom  is  level  and  has  sixteen  holes  in  it,  each  1  inrli  in  diameter,  which 
deliver  graded  products  to  sixteen  canvas  tables.  The  two  chissifiers  for  the 
finer  material  have  no  slope  and  are  each  42|  feet  long,  10  inches  wide  and  13 
inches  deep  and  each  has  23  hole&  1  inch  in  diameter  for  spigots  with  a  dam  or 
rilHe  block  1  inch  high  and  1  inch  thick,  running  across  the  trough  just  beyond 
each  hole.  The  water  is  3  inches  deep  at  the  head  end  and  S|  inches  at  the  tail, 
the  products  of  these  spigots  go  to  40  canvas  tables. 


VI.  Distributing  Tanks. 

139.  These  are  usually  long  tanks  fed  at  one  or  more  points  along  the  side 
Table  !^47).  They  give  a  simple  way  nf  getting  like  quality  and  quantity 
whole  pulp  to  a  number  of  slime  machines,  but  they  tend  to  give  a  rich, 
Qsettled  overflow.  All  the  distributing  tanks  in  the  table  are  of  V  Bection 
Dd  discharge  by  continuous  spigots.  The  author  is  in  doubt  as  to  whether 
tauk  of  Mill  48,  Table  247,  may  not  belong  io  whole  current  box  classifiers. 
The  capacity  of  these  tanks  is  unknown,  bnt  the  reader  can  get  an  idea  of  the 
qtiantity  of  ore  and  the  number  and  kind  of  machines  which  contribute  the 
pulp,  by  consulting  the  scheme  of  mills,  Chapter  XX.  The  capacity  of  each 
tank  in  Mill  48  is  40  tons  dry  weight  per  24  hours. 

TABLE    247. DISTRIBUTING    TANKS. 

AbbrevlAtlODa.— Ft.3fe«t;   by,    cl^brdmullo  classifier;   In.:=iQchee-  M.=rnilddUngaor;    Ko.snamlnr; 
Or  f  oTCfUloir  of;  al.  t  =Hllm«  CAblAs;  Ver  =  vertical;  w.  c.  box  ct.  =  whote  current  box  clawiaer. 


l>€«iso. 


▲  V  tank  ia). 

(6«(*Flr  A.} 

V  tank  m. . . 

tank  (el,. 

V  box  id). 

Fie.  B.J 

tAuk  {ey. 


T^A 


teagth 


15     0 
14     0 


Wtdth 
a.r  Top 


Ft.  In. 
4    0 


Width 

at 
Bottom 


Ft  In 

I  m 


Depth. 


Ft.  In 
3    AH 


Slop«  from 
HorbeoDtal 


of        of 
Sidofl.  Eads. 


Vw. 


Food. 


Ov.  No,   1  w.  c. 
box  ciaasllier. 
Ov;  No,  1  by,  d.. 
Mid.  al.  tAbfe.p.. 
Ot.  No.  Ihy,  d.. 

OT.NoJhy.cU/) 

(0 
Or,  Na  Iby  ol. 


DestfnAiloo  of 


SetUtDffS. 


Tod  Tanner 

T048l.  t.. 

To  7  vanner 
ToaLt.. 

Tosl.  t.. 
Tosl  t.. 

To  81  t.  (m) 


Overflow. 


No.«w,c. 
box  cl. 

WMto. 

Waste. 


Wa«t«. 
Weota. 


V  V  taak  wiib  ISflpJj^oto.    Fed  at  side  by  three  distributing  boxes  eacb  8  feet  long,  ft  Incbea  wide,  4 
— »,  and  feedinff  over  a  atralf^bt  edge  8  f<.*et  long,    (b)  A  V  tank  with  Dtt  aptgou.    Fed  over  the  side  at 
Ota,    (c)  A  V  tank  with  40  spigots.    Fed  over  the  eide  at  various  points.    (d)A  V  b.>x  made  of 
k;  one  for  every  steam  stamp,    (c)  A  V  tank  with  two  or  tbr«e  spigots.    (/}A\ 


'W  the  emis:  ^lajiller  ones  fed  ikl  one  emfand  overflow  at  the  other.    (A)  ^wo  ar<'  :  i  four 

riotv  of  No,  1  lij<lru.ullc  claaaifler;  one  treats  kieve  tops  and  table  iiiiddlingii.    (j) 


lof  Now  SsettJin^^  tanks;  kieve  ttjps.    (a)  V  tiink^^^witb  four  spigots;  ,lai]grer  on«' 


|l  A  )^Ln£ii  and  a  ^-incb  spigot  to  eadi  table. 


e^teaiti  atamtxi  and  one  for  one  eteam  stamp,    ik)  Bach  tank  has  four  spigots 
Hy]  eech  tank.^    (/)  Each  tank  has  two  Hrlncb  spigots  and  two  f^tnoh  spigots. 


ftp      i^ 
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At  Friodriohoss^'gcn  an  apparatus  is  used  with  48  pointed  boxo?  in  two 
rows,  side  by  side.  The  i)ulp  moves  forward  through  24,  and  returns 
through  24.  Eacli  box  is  5  feet  long,  6  feet  4  inches  wide  and  6  feet  8  inches 
deep.  Each  box,  after  the  first  four,  has  at  95  mm.  below  the  surface  of  the 
water,  a  pipe  for  taking  off  surface  water  to  be  carried  back  and  used  on  the 
slime  tables.  In  this  way,  the  need  for  widening  the  boxes  is  avoided.  The 
spigot  products  are  grouped,  taking  four  spigots  from  each  row  to  contribute 
to  each  product ;  for  example,  the  first  product  receives  pulp  from  Nos.  1,  2,  3, 
4,  45,  46,  47  and  48  spigots;  the  second  from  Nos.  5,  6,  7,  8,  41,  42,  43  and  44 
spigots,  and  so  on.  While  the  pointed  boxes  would  naturally  place  it  among 
surface  current  box  classifiers,  the  mode  of  combining  the  spigot  products  undoes 
this  work  and  the  apparatus  appears^  therefore,  to  be  more  of  a  distributing 
tank. 

VII.  TJnwaterinq  Boxes. 

§  340.  These  are  used  to  lessen  the  water  carried  by  an  unfinished  product, 
which  may  range  up  to  quite  coarse  sand  (see  Table  248).  As  a  rule,  the 
spigot  product  contains  all  the  value.  The  overflow  is  thrown  away,  unless 
the  water  is  to  be  saved  and  used  over.  As  their  sole  use  is  to  settle  the  sands, 
without  any  attempt  at  classification,  the  ideal  design  should  use  a  whole  current 
The  great  variety  of  designs  found  in  the  mills  show  that  this  plan  has  not 
been  adopted  as  a  rule,  and  the  unwaterers  are,  therefore,  often  larger  than  is 
needed,  although  smaller  than  the  classifiers  of  groups  IV.,  V.  and  VI.  They 
may  be  used  to  unwater  the  earlier  spigots  of  a  classifier  previous  to  jigging. 
They  may  unwater  the  tailings  of  an  earlier  jig  sieve  before  feeding  them  to 
the  later  sieve.  Thoy  may  unwater  the  feed  pulp  of  a  classifier  (see  Mills  25, 
41  and  43),  in  which  case  the  overflow  may  be  of  value  and  is  treated  accord- 
ingly. They  may  unwater  the  middlings  or  tailings  of  jigs  preparatory  to 
recrushing.  They  may  unwater  the  middlings  of  slime  tables  preparatory  to 
finishing  them.  The  designs  given  in  Table  248  all  discharge  continuously  by 
spigots,  except  two  (Mills  87  and  88),  and  from  these  the  sand  is  easily 
shoveled  to  stamps.  A  sizing  test  of  the  overflow  of  an  unwatering  box  in 
Mill  38  is  given  in  §  352. 

The  Mayflower  mill  of  Colorado  uses  the  boot  of  its  elevator  box  as  an  ud« 
waterer  for  the  tailings  of  jigs,  the  fine  overflow  being  sent  to  amalgamated 
plates,  and  the  coarse  elevated  to  stamps. 

VIII.  Settling  Tanks. 

§  341.  General. — These  are  used  to  settle  finished  products,  whether  con-     , 
centra tes  or  tailings,  from  currents  of  water.     Settling  tanks  are  of  two  kinds:     j 
(1)  Those  which  collect  the  great  quantity  of  coarser,  heavier  grains;  (2).     j 
Those  which  take  the  overflow  of  (1),  collecting  the  last  of  the  fine  grains  that 
it  will  pay  to  save.     In  regard  to  the  first  kind,  they  are  generally  designed  for 
case  of  receiving  their  products  and  of  delivering  the  settlings  to* the  store  bins 
or  cars.     Many  good  designs  of  these  in  the  mills  are  given  in  Table  252.    In 
regard  to  th(»  second  class,  or  settling  tanks  proper,  the  mill  man  will  desire 
to  get  the  greatest  elTect  from  the  least  cubic  contents  of  the  tank  and  the  prin- 
ciples involved  will  be  discussed  with  that  idea  in  view. 

To  make  the  most  of  a  settling  tank,  it  must  have  a  whole  current,  that  is 
to  say,  one  of  uniform  velocity  from  side  to  side,  from  end  to  end  and  from  top 
to  bottom.  The  means  of  getting  a  whole  current,  the  relation  of  speed  of 
current  to  size  of  grain  to  be  settled,  and  the  relations  of  length,  width  and 
depth,  are  the  important  factors. 
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TABLE    218. — LTNWATERINO    BOXES. 

A  f^hmtiat  kmiv— Concent. -caucpfit  rut  OS :  H.-Hovator;  Ft.  ^fpet;    h>\  cl.  -  hyrtrauIJc  clamffl<»r:  H*  M,= 
1  Mill;  ln.::rinche«;  miit  =iuiil(tliiiipi  »»f;  N— none;  No.=n«rab<T;  o?. -Overflow  of;  Rect.=:l*ct- 
^«r  =R*?»ervoir;  8,  c  b, cl .-rayrface  curr^fnt  Iwx  classifier;  set.  =  settling;  sp.^spi^ot;  T.^tolUags 
iMiensix^  of;  Ver  =vertii'j*.l;  w,  c- Iw^Jt  cl  =  whole  curreot  box  clanaJfler. 


D«rf|rn. 


PblDiedboso 
Pointed  box  b 

(See  Fte^  A. 
Swneaa  pre- 

Sftou*  as  pr«' 

Sect,  unit  1/ 1 

Viank 

V  tJUik  u* ).  -  ■ 
t8«e  Fig.  e.) 

V  took,     il 

B«cc(0 

Pointed  box.. 
Rect.(o) 

Rtfct,<o).  (See 

Fl«,  D.) 
C  o  D  i? .   (S«e 

Fig.  BL) 
Cone.    (Sw 

WUg.  Fj 


Length 


Ft  Id. 
8      U 


Width. 


Depth. 


Ft.  In. 
S     0 


1  \H 


u 


w 


118* 


Feed. 


In  J 

1     Mid.  jigft,  4.0  mm 
I  Ui  0. 
cl    Or.  No.  6  e.  c.   b, 


Be«tl8»tfon  of 


SpMeot  Products, 


id  ffp,  of  samp. . 
3d  ffp.  of  same^  . 

T,  No8.  6,  8,  9  *  10 
Ilg9,  6.S:it»rtL  to<>, 

LTD.  No.  4  rrommel, 
S.3  ram.  to  0. 

Ov.  No,  Ihy.  cl,,.. 

Uii.  No,  8trofiitnel. 

t  mm.  toO,' 
Couc«fnt.  from  Nt.K 

5eL«llJmm.  too. 
T  Nob,  1,2*3 Jlg». 

i-mesh  to  0. 
r  No«,  l,a,3,4&5 

JI^Bi  8' mesh  to  0. 
T,Noi,limd»jie^ 

8  U»  lO-mesh. 
T,  X'w.  1  an<HjlKB> 

lO-rtmah  to  0. 
Between      two 

Iniaivcs  of  JtgB. 


Br«>t.toH.M 

No.  1  w.  o.  boac  d.. 

No.9Jl^ 

No.  10  Jiff 

No.  11  jig..... 

Feeder  for  H.  M,.. 

No.  1  hy.  closaifter. 

By  el.  to  No.  S  hy 
c-lii6Si()er 
No.  d  hy  clAs§taer 

(l)No.  a  set  Unks. 
(e)No,  Sset.Unks. 
SlAmpii  (n;» 


Wast**  or  to  anoth 
Becond  half  of  Jiff, 


Overflow* 


Waste, 


.(«f) 


No.  1  sec 
tank. 
<*) 


>>^ 


>,  «  •Mnhee  vertical  at  tow,  ih)  Pointed  boi  with  4  feet  3  inches  vertical  at  top .  Fed  at  one 
Ota  at  bottom  and  one  in  nidft  18  luch<*ii  Ijelow  top  and  6  incht«  f  roni  overflow,    (c) 


u*>  upper  la  6  Inches  diameter.  id\  Top  spigot  to  trommei.  ie)  ?V>od  board  at 
.  joto  toe  orerflow,  (/>  Reetantfuiar  tank  vrltii  sioping  ixtttom,  aofl  alito  the  lower 
part  of  the  lydea.  (yj  This  is  at  the  bop:  the  bottom  wklth  is  6  ludhea.  ih)  About,  fi)  B<»me  inter  Unk.  U) 
A  V  tank  with  lu  upper  80  inches  vertical  and  with  4  aplgota.  (k)  PIpea  ta  No,  8  and  No,  9  ji^  and  over- 
^^Ju^» steam  stamps,  iU  Rectaacrular«  with  two  spigots;  one  spigot  Is  a  ft^loch  pipe  vrith  a  Rate.  Pipe  is 
^^^^Mtf  lo  deliver  to  any  one  or  ten  «u^ttUng  tanks;  other  la  a  IJ^lnch  pipe  with  valve.  Km\  Water  for 
^^^^■fc,  (A)  Settlings  amount  to  ^t%  of  tlie  totol  fiotid  material  In  the  feed,  (o)  Beetaiifcular^  with  overflow 
^^^^KNa  above  bottom,  {p)  Clear  water  fur  stamps,  (a)  Rectangular,  with  two  croaadatns.  (r)  Diame- 
■trUTlaai-inchhoUs,  i-     v^^  b 


tt4«-ilwl|l«i* 


fWv  A 


PM.JI 


n».c 


Fta.0 


H.ste^t<i«fc%i*i»a» 


B42.  Means  of  Getting  a  Whole  CrsRENT  will  be  first  considered.  The 
mm  Ke  made  to  lose  its  quality  of  a  plunging  s^tream  by  being  fed  in 

^gh  a  perforated  grating  f  (Fig,  t%2),  behind  a  partitioiL  If  it  then 
through  a  perforated  partition  e,  the  stream  will  '\%^w^  in  little  jets,  each 
ng  until  they  eoalesce  into  one  whole  current.  If  at  the  other  end  the 
findK  a  i»erforated  parfftinn  </,  and  behind  it  the  suetion  due  to  the  ovep- , 

[it  will  be  drawn  from  the  bottom,  as  well  as  from  the  top,  as  a  whole  cur- ' 
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rent  and  discharged.  The  perforated  partitionB  e  and  g,  if  made  remoTable, 
would  simplify  the  cleaning  up.  Pulp  must  have  first  passed  through  a  screen 
to  remove  fibre  and  chips,  before  coming  to  this  tank. 

A  simpler  scheme,  which  theoretically  is  not  quite  so  good^  is  to  distribute 
the  pulp  evenly  across  the  inlet  end  and  to  break  up  local  currents  by  two 
gratings,  made  up  of  vertical  bars  1  inch  square,  with  1-inch  spaces,  the  bars 
of  the  second  grating  staggered  with  those  of  the  first.  A  similar  set  should 
be  placed  at  the  tail  end  of  the  tank.  If  it  is  desired  to  discharge  continuously 
either  of  these  tanks,  the  bottom  can  be  divided  up  into  hoppers  with  sides,  slop- 
ing 50°,  and  spigots  may  be  chosen  small  enough  to  give  pulp  of  the  desired 
density,  provided  the  fibre  and  chips  are  out  of  the  pulp. 

§343.  The  Relation  of  Speed  of  Curkent  to  Size  op  Gbain. — The 
smaller  the  grain  of  any  given  mineral,  other  things  being  equal,  the  slower 
will  it  settle,  and  the  slower  must  be  the  current  from  which  it  is  to  be  settled. 
In  general  any  given  particle  of  water  must  remain  in  the  settling  tank  a 
length  of  time  equal  to  the  time  needed  for  the  smallest  particle  of  ore  to 
settle  from  the  top  of  the  tank  to  the  bottom.  This  will  be  understood  by 
referring  to  the  discussion  of  the  path  of  the  particle,  in  the  next  paragraph. 

The  path  of  a  particle  settling  in  a  horizontal  whole  current  of  water  will 
be  the  diagonal  of  the  parallelogram  of  which  the  vertical  component  ob  (F^;. 


FIG.  283. 


Br- 


cr 


\Bt 


^ 


FIG.  S84. 


283),  represents  the  velocity  of  falling  in  water  and  the  horizontal  the  velocity 
of  the  current  in  the  tank.  This  diagonal  at  the  start  will  vary  slightly  from 
a  straight  line,  because  the  particle  has  a  short  period  of  acceleration  to  reach 
its  full  velocity,  and  it  will  probably  vary  somewhat  all  along,  owing  to  the 
inversion  of  the  current,  tliat  is,  the  occurrence  of  upward  currents  in  any 
horizontal  stream  of  water.  This  inversion,  however,  diminishes  as  the  current 
lessens  its  speed,  and  the  speeds  here  discussed  are  very  small. 

As  the  different  sizes  and  specific  gravities  of  grains  have  different  speeds  of 
settling  in  water,  it  follows  that  their  paths  will  have  diflferent  slopes,  the  quick 
settling,  steeper,  and  the  slow  settling,  gentler.  There  will  be  some  particles 
so  fine  that  they  will  not  settle  in  a  week.  It  becomes  necessary,  therefore,  to 
decide  upon  a  minimum  size  of  grain  that  the  tank  is  to  settle,  and  to  run  the 
current  at  a  rate  which  will  settle  that  grain. 

§  344.  Relations  of  Length  and  Width  to  the  Settling. — Before  dis- 
cussing the  relations  of  the  length,  width  and  depth,  let  it  be  assumed  that  one 
foot  of  water  above  the  sediment  in  a  settling  tank  is  deep  enough  for  settling, 
and  that  this  distance  is  a  minimum  upon  which  the  deposition  of  sediment  is 
not  to  be  allowed  to  encroach.  That  is  to  say,  the  tank  must  be  made  deep 
enough  so  that  after  it  has  settled  its  charge  and  it  is  time  to  dean  it  out,  there 
is  still  one  foot  of  water  above  the  sediment. 

Having  the  minimum  depth  at  one  foot,  let  us  next  consider  the  relations  of 
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[(SQgth  and  width  to  the  settling  of  ore  particles.  For  this  purpose  let  us  suppos 
we  have  three  tanks,  as  shown  in  Fig,  284,  with  the  following  dimensions:  Taiilc^ 
is  75  feet  long,  3  feet  wide;  tank  B  is  15  feet  long,  15  feet  wide;  tank  C  is 
feet  long,  75  feet  wide.  These  all  have  "^25  square  feet  of  area.  If  in  all, 
lese  tanks  a  perfect  whole  current  exists,  then  A  will  be  the  poorest  and 
he  best  settling  tank,  because  the  faster  the  current,  the  more  will  the  settling"' 
be  disturbed  by  inversion  current  and  the  poorer  will  be  the  settling."  Suppose 
each  of  these  tanks  is  fed  at  the  rate  of  15  cubic  feet  per  second,  then  tank  A 
has  a  current  whose  velocity  i^  5  feet  per  second ;  tank  B,  1  foot  per  second* 
tank  C,  0,2  foot  per  second.  In  each  tank  it  takes  15  seconds  for  a  particle  of 
water  to  traverse  the  tank,  so  that  in  ^  a  particle  has  15  seconds  to  settle  in  a 
current  of  5  feet  per  second;  in  S  a  particle  has  15  seconds  to  settle  in  a  cur- 
rent of  1  foot  per  second ;  in  C  a  particle  has  15  seconds  to  settle  in  a  current  of 
0.2  foot  per  second.  The  inversion  current  will  be  stroDg  in  A,  weak  in  B,  and 
almost  absent  from  C, 

Other  things  being  equal,  then,  it  is  clear  that  £7  is  a  much  more  perfect 

tank  than  B,  and  B  than  A.    To  realize  these  conditions,  however,  a  perfect 

I      whole  current  feed  and  whole  current  discharge  (see  Fig.  282),  must  be  pro- 

^^f  ided.     The  longer  the  tank,  the  easier  it  is  to  get  these.     For  this  reason,  tank 

^VC  is  clearly  impossible  and  for  the  reason  previously  given,  tank  A  is  certainly 

f      unwise,     Thefe  will  be  between  the  two  a  tank  that  will,  with  the  most  perfect, 

practical  distribution  of  feed  and  gathering  up  of  overflow,  be  as  short  and  as 

wide  as  is  practicable,  and  this  is  probably  tank  B,     Tank  B  may  be  said  to 

largely  overcome  the  disturbing  quick  current  of  A  on  the  one  hand,  and  on 

f      the  other,  the  difficulty  of  perfect  distribution  of  feed  and  gathering  up  of 

\      overflow  of  tank  C. 

\  §  345.  Relation  op  Length  to  Depth.— The  relation  of  length  to  depth 
may  be  understood  by  referring  to  Fig.  283,  from  which  it  will  be  clear  that 
[  there  are  two  extreme  paths  a  water  particle  may  take,  namely,  from  a  to  <f 
direct,  or  by  the  longer  path,  a,  b,  c,  d.  The  two  perforated  plates  largely  over- 
come the  tendency  of  the  water  to  take  the  shorter  path.  If  the  tank  is  very 
short  and  deep,  the  tendency  may  be  increased  and  it  may  be  necessary  to  plug 
the  alternate  holes  of  the  upper  part  of  the  perforated  partitions  c  and  g. 

The  longer  the  tank  with  reference  to  the  depth,  the  less  is  this  tendency  to 
hasten  the  surface  current.    This  is  vp^ll  shown  in  Table  249,  which  gives  thej 
ratios  of  the  shortest  to  the  longest  path  for  different  lengths  of  tank,  the  depth:| 
being  taken  as  unity  in  each  case.    A  decrease  of  depth  not  only  diminishei 
the  difference  of  the  paths,  but  it  may  save  mill  height. 
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TABLE  249. — RATIO  OF  PATHS   FOR   DIFFERENT  LENGTHS. 


D^pUi. 

Length. 

RaUo. 
oh 

abed 

DepUL 

LeD^th. 

B*tla 

aft 
abed 

1 
1 

1 

S.5 
6.0 
7.5 

0.6fi6 
0.714 
0.780 

1 
1 

10.0 
16.0 

0.633 
0.822 

g  346.  Relation  of  Width  to  DEPTH.-^Considering  next  the  relation  of 
width  to  depth,  we  find  that  in  two  tanks  with  the  same  cross  section,  an  ore 
irticle  reaches  the  bottom  sooner  in  the  shallow  tank.  For  example,  if  a 
ok  15  feet  wide  and  1  foot  deep  be  compared  with  one  3.873  feet  wide  and 
1.873  hv\  dci'p  whioh  lias  a  rrops  section  of  tlie  same  area,  both  tanks  having 
be  same  velocity  of  current,  the  latter  will  take  just  3.873  times  as  long  to 
ettlc  particles  from  its  top  layer  to  Ihe  bottom^  and  must,  therefore,  be  iust 
L873  times  aa  long  as  the  shallow  tank,  to  do  the  eamia  -^oilL   ^>D2iak  \!Ci<i.x^^^  ^^ 


454 


OBB  DRB88ING. 


§347 


length  increases  the  cubic  contents  of  the  deep  tank  to  3.873  times  that  of  the 
shallow  tank. 

§  347.  Calculation  of  Dimensions. — From  the  facts  already  presented  we 
see  that  it  is  possible  to  calculate  the  quantity  of  pulp  a  given  size  of  tank  will 
settle  when  the  minimum  size  of  grain  to  be  saved  is  known^  or  on  the  other 
handy  what  is  more  of  importance  to  the  mill  man^  to  calculate  the  dimensions 
of  a  tank  necessary  to  treat  a  given  quantity  of  pulp.  The  various  steps  of 
the  latter  calculation  are  shown  in  Table  250.  The  first  column  gives  a  range 
of  sizes  of  quartz.  The  second  gives  the  velocities  of  settling  of  the  slow^ 
grains  taken  from  the  curve  (Fig.  287).  The  tank  is  assumed  to  be  1  foot 
(304.8  mm.)  deep  in  all  cases.  The  third  column  gives  the  time  that  the 
particles  must  be  in  the  tank  to  settle  the  distance  of  1  foot,  by  dividing  304.8 


TABLE  250. — DIMENSIONS  OP  TANKS  1   FOOT 

DEEP,  POB 

SETTLING  VAHI0U8  SIZES 

OP  QUARTZ   FROM 

1   CUBIC   FOOT 

OF  PULP 

PER  HINUTE. 

For  a  Tank  Fifteen  Feet  Long 

For  a  Sqoara 

Tknk. 

Diameter 

Velocity  of 

Time  to  Settle 
One  Foot 
(804.8  mm.). 

(4,572  mm.). 

of  Quarts 
Particles. 

Width  for  each 
Cubic  Foot  Fed 

Velocity  of 
Current 

Length  and  Width 
for  Each  Cable  Foot 

Velocity  of 
Current 

per  Second. 

per  Second. 

Fed  per  Second. 

per  Second. 

Mm. 

Mm. 

Seconds. 

Mm. 

Mm. 

Mm. 

Mm. 

1.6 

117 

2.606 

62.94 

1,756 

491.9   ' 

189 

1.9 

100 

8.048 

61.94 

1,600 

589.8 

175 

1.0 

86 

8.586 

78.87 

1,975 

W7.8 

If! 

0.0 

77 

8.958 

80.48 

i;i66 

006.9 

158 

0.8 

68 

4.482 

91.07 

1,090 

645.8 

144 

0.7 

60 

6.080 

108.8 

900 

687.0 

185 

0.6 

61 

5.976 

191.4 

786 

744.9 

195 

0.6 

49 

7.957 

147.5 

680 

891.1 

118 

0.4 

88 

9.236 

137.7 

496 

986.8 

100 

0.8 

23 

13.85 

281.6 

330 

1,181 

81.9 

0.9 

19 

25.40 

616.1 

180 

1.686 

60.5 

0.1 

4 

76.20 

1,548.4 

60 

9,661 

84.9 

0.076 

(a)  8 

101.60 

8,065 

45 

8,078 

80.9 

0.060 

(a)  9 

15iJ.40 

3,097 

80 

8,764 

94.7 

0.096 

(a)l 

304.80 

6,194 

15 

6,828 

17.5 

(a)  These  were  estimated. 

successively  by  the  rates  in  the  second  column.  The  fourth  column  gives  the 
width  necessary  for  each  cubic  foot  fed  per  second  in  a  tank  15  feet  (4,572 
mm.)  long.  It  is  obtained  by  multiplying  1  cubic  foot  (28,316,847  cu.  mm.), 
by  the  time  and  dividing  the  result  by  the  product  of  the  length  by  the  depth. 
The  fifth  column  gives  the  velocity  of  current  in  a  tank  15  feet  long,  by  divid- 
ing the  length  by  the  time.  The  sixth  column  gives  the  length  and  width  of  a 
square  tank  receiving  1  cubic  foot  of  pulp  per  second,  and  is  obtained  by  multi- 
plying 1  cubic  foot  by  the  time,  dividing  by  the  depth  and  taking  the  square 
root  of  the  result.  The  velocities  of  the  currents  in  these  tanks  are  shown  in 
the  seventh  column  and  are  obtained  by  dividing  the  length  by  the  time.  It 
should  be  noted  that  for  a  tank  15  feet  long,  the  width  in  the  fourth  column  will 
increase  directly  as  the  number  of  cubic  feet  of  feed,  while  for  a  square  tank 
the  dimensions  in  the  sixth  column  increase  directly  as  the  square  root  of  the 
number  of  cubic  feet  of  feed. 

As  it  may  be  important  to  decide  the  length  and  width  of  a  tank  for  settling 
fine  material  of  other  sizes  than  those  given  in  Table  250,  the  following  formula 
is  given : 

Let  V  be  the  velocity  in  mm.  per  second  that  the  grain  settles;  let  D  be  the 

depth  of  tank  in  mm.;  then  —= seconds  for  the  grain  to  settle  to  the  bottom; 

then  ~  =  -gsizvelocity  of  current  in  tank 


let  L  be  the  length  of  tank  in  mm. 


CLA8SIFIEHS. 
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per  second ;  let  W  be  the  width  of  tank  in  mm- ;  let  V  be  the  volume 
feed  water  in  liters  per  second;  then  WD  -y-=::|fLr==volume  in  cubic  mm. 

of  feed  to  tank  per  second ;  and     tuu\  wiur^ r=voIunie  of  feed  water  in  liters 

BT  second.  If  we  are  given  all  but  one  of  these  values,  the  remaining  one 
aay  be  obtained.     Ordinarily  the  mill  num  knows  Y  and  v,  or  if  he  does  not 

now  V,  he  will  know  the  diameter  of  tin-  particle  to  be  Fettled,  from  which  he 
ID  g^i  V  by  reference  to  Fig,  287.  All  ho  will  then  need  to  know  is  W  and  L, 
)n  the  square  tank  basis,  which  the  author  favors,  W^L  and  the  formula  then 
fcives  the  value  of  these  two.  If  a  rectangular  tank  15  feet  long  be  desirable, 
ben  the  formula  will  give  IF  by  ins^iTting  in  it  the  value  L=4,572  mm.  (15 
eet).  Thus,  if  we  assume  that  0,011*5  mm.  diameter  quartz  is  as  fine  quartz 
it  will  pay  to  settle,  and  that  this  particle  settles  one  foot  in  610  seconds, 
ben  we  must  provide  a  tank  which  takes  610  seconds  for  the  current  to  traverse. 
^uch  a  tank  for  1  cubic  foot  per  second,  if  4,57'^  mm.  (15  feet)  long,  will  be 
?,395  mm,  (41  feet)  wide,  and  being  twice  as  wide  as  it  is  long,  it  should  be 
livided  into  hvo  nearly  square  tank?. 

The  author  is  of  the  opinion  that  square  tanks,  with  1  foot  minimum  depth 
*  surface  water,  are  best  in  all  cases,  hut  when  the  tank  would  figure  out  larger 
ban  15  feet  on  a  side,  it  is  better  to  use  two  or  more  square  tanks.     For  practical 

B.  Table  261  has  been  computed  from  the  formula  to  show  the  cubic  feet  of 
pulp  that  can  be  fed  per  second  to  a  tank  15  feet  square  for  various  sizes  of 
quartz  grains, 

TABLE  251. — CAPACITIES  OP  A  TANK  15  FEET  SQUARE. 


SlM  of  GrAin 

AinouQt  tlint  Ciui 

Stoe  of  QTBin 

AmouQt  that  Can 

to  be  SetUed. 

be  Fed  per  Second. 

to  he  Settled. 

be  Fed  per  Second. 

Urn, 

Cable  Feet..     \ 

Mm. 

Ctiblo  Feet 

1.5 

86.89 

0.4 

84,30 

1.8 

73.8a 

OS 

16,84 

1.0 

€3.74 

OJ 

6.80 

0.9 

60.84 

0.1 

3.963 

O.S 

M.» 

0.078 

S.214 

0.7 

44.«» 

O.06O 

L47« 

o.e 

»r.fl6 

ooas 

0,738 

0.6 

81.00 

g  348.  Practical  Limits  of  Settling. — If  testa  on  the  overflow  of  the 
tank  eihow  the  grains  going  off  to  be  rich  in  precious  metals  (arsenides  or  chloride 
'  siker,  telluride  of  gold,  etc.),  the  cure  will  be  to  diminiBb  the  current  by 
Hcrea^ing  the  number  of  tanks  in  parallel.  This  principle  is  particularly  worthy 
"  consideration  in  the  case  of  tailings  of  amalgamation. 

If  I  foot  depth  of  water  is  the  minimum  allowed,  then  the  tank  may  be  made 
ly  deep  to  catch  the  settlings,  and  when  it  tills  with  sediment  within 
the  top  of  the  water,  it  is  time  to  clean  it  out  and  start  again.  This 
Bereaved  depth  during  the  earlier  settling  might  seem  to  require  a  longer  tank, 
it  this  is  not  so,  for  it  corrects  itself.  The  extra  depth  of  2,  3  or  more  feet 
fell  reduce  the  speed  of  the  current  to  J,  f ,  or  less,  and  therefore  give  the  desired 

le,  two,  three  or  more  times  as  long^  for  settling  the  minimum  particle.  This 
kct  that  the  capacity  of  a  tank  for  settling  is  independent  of  the  depth  has  been 

I  shown  in  §  347,  where  the  depth  cancels  out  in  the  derivation  of  the  formula 
lid  does  not  appear  in  the  final  result 

A  t>ink  f»f  t'  -n  will  fill  up  at  the  feed  end  with  the  heaviest  grains; 

^p  bank  will  ird  tuward  the  tail  end,  whent  tlir  fiiHbt  eiHtlings  will 

found.    If  then,  id  feet  is  long  enough  for  a  unit  tank  to  flU  up  at  tha  feed 
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TABLE   252. — SETTLING  TANKS. 

Abbrerlations.— Am.=amalgamatinR;  Csconoentrates  of;  can.  LscanTas  tables;  Ood.=c 

Oon.  8p.=ipiROtii  run  continuously:  cr.  par. serosa  partitions;  dr.sdrainingaof;  Ftssfeet;  H.  L  d.3 
of  lower  deck  o'   '       .---•--     .  ,..^_.._   ._     _     __.  ^  ._a       .^      ._.  •-a  .„ 

intermittently; 

tablea;  tr.  t.=tninkTiig  table;  unw.==uDwaterer;  yan.=yannersr  w.  c.  brcir=whole  current  box  claaiiaer.' 


Design. 


Length 


Width. 


Depth. 


Feed. 


Destination  of 


Settlings.        OTerftoir, 


HowDto- 


Rectangular. 
RACtangular. 

(See  Fig.  A).. 


Ft  In. 

10     0 
5     0 

18     0 


Ft.  In. 
0     0 


r(o)... 
r(6... 
p  (c). . . 


87  1 


97 
87 

88 
88 
80 
80 
80 

80   1 
h 


40 
40 
41 
48 
48 
48 

48 
48 
48 
48 

48 
48 
48 

46 
46 
47 

48 

48 
68 
68 
78 
78 
79 
80 
80 


Rectangular 

Rectangular  (a] 

Rectangular" 

Rectangular 

Rectangularc   . 

Rect.  with  5  cr.  par. 

Rect.  with  1  cr.  par. 

Rect.  with  5cr.  par. 

8  tanks  in  series,  all 
rect  Last  has  2 
cross  dams  and  1 
inverted  dam. 

Rectangular. . . 

Rectangular. . . 

Rectangular. . 

(SeeFig.B.)  (/)... 

Rectangular. . . . 

Rectangular.... 

Rectangular. . . . 

Rectangular.... 

Rectangular. . . . 

Rectangular. . . . 

Rectangular.... 

Rectangular.... 

Rectangular. . . . 

Rectangular.... 

Rectangular.... 

Rectangular.... 

Rectangular. . . . 

Rectangular  (i<) 


Rectangular 

Rectangular 

Rectangular 

Rectangular 

Rectangular  (l\ . 
Rectangular  (u). 
Outside  p.  with  ce- 
ment bottoms. 
Rectangular  (jMi).. 


80 
80 

101 
185 
6 
80 
10 
90 
14 
100 
18 

6 
16 
80 

6 
48 
12 
10 
85 
85 

ao 


Ft.  In. 
8  6 
1      6 

[,  . 

1 

17 
2 


Ov.  No.  1  w.c.  b.  cL. 
Headsof  si.  table.... 

Ov.  No  1  set  tank... 


8 
0 
0 

6cc6 
6     0 


3    10 
8      0 


Ov.No.8sett£tr.t.. 

iaa) 

C.  jigs  and  Rit  t 

T.J.&Rit.t.,6mm.to0 

(drf) 
Ov.  Nos.  1  ifc4  set  t.. 

Ov.  No.  2  unw 

Ov.  No.  8  set.  tank. . . . 
Heads  of  slime  tables. 


Ov.  van.  heads  tank. . 
(«e) 
{tee) 

Heads  of  si.  table 

Ov.  No.  8  w.  c.  b.  cl. . . 

igg) 


Smelter 

Ship,  car 

Sliip.  car 

No.  8  rolls 

Vanner 

(66) 

{ccc) 

Dump 

Dump 

Dump 

Dump 

Concentrates- 


Waste.. 
No.8Be 


.  t. 


82 
80 
6 
6 
40 
40 
10 

10 
10 
10 
20 
150 
80 


16  0 
24  0 
6 
C 
0 
0 
0 


150  (m) 


6 
0 
0 
0 
0 
0 
100  (m) 


Rectangular, 
Pointed  box. 
Pointed  box. 
«ee  Fig.  C.)  {oooo) 
iame  as  preceding 
Rect  with  1  cr.  par. 
(SeeFig.  D.)(gg)... 
Rectangular 


{SeeFig.K)(OTQ9)- 
Like  No.  1  set  tank 
in  Mill  46. 
Rectangular.... 
Rectangular.... 
Rect  with  2  cr.  par 
Rectangular.... 


20 
28 

8 

4 
88 
82 
17 
18 
180 
14  8 
18     0 

180  0 

4  0 

6  0 

4  0 


7  10 
4     4 

4      4 

1  'o^ 

4      0 

8  6 


8.  2  and  3  set.  t 


Ov.  Nos. 

C.j.  X.&  van.,18mm.to0 


Ooncentrateo.. 
Concentrates.. 
Concentrates . 

Stored 

Shipped. 

Shipped 

Shipped 

Market 


I 
Ov.  No.  1  set  tank. .  . .  'Market 
C.j.t&  van.,15mm.  toO 

Ov.  No.  !  set  tank 

C.  jlKSi  16  mm.  toO.... 
Concentrates  of  van.. . . 
Conc«'ntrate8of  tables. 
Ov.  Nos.  1,  2  &  8  set  t 
Ov.  No.  4  settline  tank. 
C.Jigs.  tables  and  van., 
7.9  mm.  to  0. 
Ov.  and  dr.  No.  1  set  t 
Conc^trates  7  mm.  to  0. 

Ov.  No.  1  set  tank 

\kidck) 
Allc,  18.7  mm.  toO.... 
Ov.  No.  1  set  tank. . . . 
Ov.  No.  2 set  tank..... 

{nnn) 
H.  1.  d.  of  sUme  tables. 


1      8 


ndt 


0.  Jigs  and  tables 

(P) 

Ov.  No.  5  set  tank 

Ov.  No.  6  sot  tank 

Heads  of  slime  tables. . 

Ov.  No.  Iset  tank 

Heads  of  slime  tables. . 
Heads  of  slime  tables. . 


Ov.  No.  1  set  tank.... 
Ov.  van.  heads  tank., 
Ov.  No.  Iset  tank..., 

(M 


Market 

Market 

Market 

Market 

Market 

Market 

Market 

Storage  bin. . . 

Storage  bin... 

Smelter 

(Jkk) 

Smelter 

Smelter 

Smelter 

Smelter 


Smelter.... 
Smelter.... 
Smelter.... 

iooo) 
Smelter.... 
Smelter.... 
Smelter..., 

Kieve 

No.  1  unw.. 

Kieve 


(rrr) 
Concentrates . . 
Concentrates . . 
Rocking  table. 


No.  8set.t 

Waste 

Waste 

Reserroir.. 
Reservoir. . 
No.  2  set.  f . 

(deid) 
No.  4  set  t 
No.  8  sat  t 
W 


SbLoat 
SlLOat 

Sh.  out 

SlLoat 
iaaa) 
(666) 
Int  sp. 
Intg. 
Int  g. 
(«) 
<«) 
Sh.oat 


Waste. 

Waste. 

Waste. 

Waste 

Waste. 

No.  4  set  t. 
No.  4  set  t 

Waste. 

No.  8  set  t. 

Waste 

No.  8  set  t. 

Waste. 

No.  4  set.  t. 
No.  4  set  t. 
No.  4  set.  t 
No.  fi  set  t 

Waste 

(ifO 

No.  8  set.  t. 
No.  2  set  t. 

(JUrifc) 
Waste... 
No.  8  set  t. 
No.  8  set  t 
Waste 


Waste... 
Waste... 
No.  5  set.  t 
No.  6  set  t 
No.  6  set  t 
No.  7  set  t 

Waste. 

No.  8  set.  t. 

Waste. 

Waste 

No.8sett 

Waste. 

No.  8  set  t 
Waste. 

t 


Sh.oat 
Sh.out 
Sh.oat 

Sh.ont 
Sh.oat 
Sh.oiit 
Sh-ont 
Sh.ont 
(U) 
Sb.  out 
8h.out 
Sh.ont 
Sh.  oat 
Sh.out 
Sh.oat 
8h.oat 
Intg. 

Sh.  out 

Int.  g. 

Con.8p.. 

Sh.ouL 

Int.  g. 

Sh.oat 

Sh.out 

SlLOOt 

Sb.oaL 

Intg. 

Con. 

Sh.  out 

Int 
Dafly. 

SlLOIlt 

Sh.oiit 
Sh.oiit 


Rectangular  (tt)., . . 

Rectangular 

Rectangular  (vu). . 
Rectangular  (v). . . . 
Rectangular  (v), . . . 
Rectangular  (v)  (w) 

Rectangular 

Rectangular  Cbx)  . . 


8  i  ittt) 

10  ,C.  can.  t,  0.76  mm.  to  0 


8(y) 


Ov.  No.  1  set.  tank 
T.  van.,  0.51  mm.  to  0. . 

Ov.  No.  1  set  tank 

Ov.  No.  8  set  tank 

T.  van.,  0.48  mm.  to  0. . 
T.  van.,  0.41  mm.  to  0. . 


(u) 

Cyanide  plant. 
Cyanide  plant, 

Am.  pans 

Am.  pans 

Am.  pans 

Am.  pans 


Naflset 

Waste... 
No.  8  set  t 
No.  Ssett 
Set  pood, 


Sh.ouL 
Sh.oaL 
Sh.ouL 
Sh.oat 
Sh.ont 
(rvc) 


(I) 


(a)  Rectangular  with  a  16x4-inch  spout  falling  in  from  above,  (aa)  Drainage  of  tailings  cars*  overikm  o( 
elevator  well;  sometimes  overflow  of  No.  4  whole  current  box  classifier,  (aaa)  Stirred  up  and  Dumned  oat  os 
lUtemate  days.  (6)  Rectangular  with  cross  partitions  every  10  feet  and  a  spigot  in  the  lastoomnutaflL 
(66)  Smelter,  except  tne  last  compartmeDt  which  goes  to  No.  1  whole  current  box  olassifler.    <666)  Htoe  oo» 


8  MB 


CLASSIFIERS, 


ih»  Croat  md  plug  sp  . 
on  tbd  r&ilroad. 

jijpi;  0,67  nun.  \a  «i      .  . 
Ixjxea  of  jigs  No-  6-\\ 
tow   eompftrtiuent-a    * 


I  front,    (rcf)  W 

orflow  of  Na  t  w 

I  hisbed  out  ever.v 
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•Trwith  bottmn  alopioff 
r  biUl&s^tand  embank- 
hI  talUcigs  of  No».1,S 
,    tt'iOyiBrtlowofooocen- 


rconcentrRtt-s  or  No.  JM*  iigtt,    (/)  Rectangular 
-  ■        -  *     iff)  ' 


wide   and 


3   lnohr»» 

T7 ,'...- 


hi^h. 


CoQcentratM 
rates  of  jtjfs,  vaa- 
::>  mill,  ttiO.  (A) 
i    (/i^O  Shovf»led 

M.  n-  ■  r- -  ... . ..,  ,,  -. u  .-1  J.»- .  rr,  J it*ct afljif ulaF  wl til 

twttium— 'i;  riieiiii  and  <3xi»  inehe^  si^e:  Uittotn  of  hopiKT 

ud  »*x;kt*t  wjf  nch.     in/)  Uverllow  ami  drainiD^s  lo  No.  ^ 

..,,...  u    i  tJie  mJll  in  two  series  of  4  each,    ^^^f  Three;  lu  aerit'tit.  (felt) 

t-an  water  for  the  mill.    i]<kkk\  Overflow  of  No,  S  whole  ctirrent  box 

ctauffular  with  hoppf'Rt  at  th*'  bottom  and  with  partitions;  made  of 

..>  <-ij  tb<j  ground;  ao  partitioub;  track!*  laM  hi  thtnu  for  cars  to  nni  on  and 

in)  Three;  oti«  lued  at  a  Tiunt^  {,tia\  KK-cnansndnr;  it  is  fed  by  a  V  lauodier 

;►•  fHittom  and  has  an  oversow  fit  *}av\\  oii.J  ^ohip;  t*T  wftste.    (xtunii  Oi^erflow 

■" — *-  *    T  cbiasiflicr.    {tn  Ten;  thtre  iw*^  two  roAv«  of  tlve  tanks  each,    ioo) 

Ellevated  to  No,  ;i  iir»M  att-nT,    [oo-^o)  Kiv'taugular  with  cross 

it  the  bottom  with  a  j^ate  t-  >  removt*  all  the  water  wheti  cleaned; 

water;  spl|?ot  is  a  &lnch  jjip*^  with  i,'at<*.    tptSptjjat  of  No.  8 

s rip  tAnk»,  1 1. 1  turn,  to  0.    <  pp »  Shove It^J  out.     Gate  to  drain  off 

hs,  when  fnll     (7 )  Thest?  art*  6  duublts  tan ks^  one  half  of  each 

1 1. II,  x^>iii  heofl  and  tall  c<^mmrtmeutu  and  lonxitudlnal  T^rtitlon,    The 

This  13  a  double  tank,  one-half  being  nin  at  n  time.    {qqq\  Shoveled  out 

iiig^ular  tankfi  with  ht^ul  and  tail  oompartmentxS  13  iDcbeA  di-^^p,  made  of 

w<  irttich  tank  ia  run  at  a  time,    (rj  Kleve and  Cye.    (rr J  Intermittent;  one-haLt 

beiiij^  cleaoed,    {rrr)  No.  1  dlstHbitting^  tank«    («)ODe;  used  only  at  the  tune  of 

iurilmry  amalf^mat^d  plates,    (t)  These  tanks,  used  at  the  time  of  clean  up«  are  1 

lip  barrebi.    <  ff  1  K  " -*^  ^^ '- "  '  '^r,  with  five  partitions  2  inches  thick,  causlnfj^  strRSmt 

ward,    {ttt)  Firs'  rat  Reta  conoeDtraCes  from  Hfl]e<K  the  seoood  gets 

u'ads  of  canvas  Ui  nist  only  settle,    0.56  mnu  to  0.    (u)  Ffrat  oompart* 

...■^  t,>  vaaners.    t...    ,w.,»o^ulftr,  with  a  central  partltioo  forcing  the  current 

•li^ther  with  the  other  tanks  io  this  mUl,  are  in  two  seta  of  forty  In  series  1 

1  that  one  mav  be  cut  out  while  bein^  cleaned,    (itv)  Rectaneular,  with  A  \ 

,t..,i  .^n...  K.,t,..M-r}.    (i?ry>  Flushed  out  bv  lyate.    (m?>  There  are  60  tanks  ^ 

Hankit  ar*^  placed  end  to  end.    Bach  bank  has  tlire» ) 

r  urns  in  ^eomnd  and  i^oes  forward  a^rain  in  the  third.  The  1 

.  -.t..  .r  ..jjL^fted  intt>  any  tank  in  that  row.    The  earlier  tankji  can  be 

led  out.    The  lal^r  taakjs  ane  fluahed  out.    itnw)  I^mp<«d  to  atamps 

id  part  are  tliiahed  ouw.    (xj  These  tanks  are  arraneeft  in  a  bank  lS6 

— .  ^  i.^ii  9  feet  wide.    The  current  mns  the  leiiKth  of  the  flr«t  row.  back  the 

in  in  the  third.    Stream  ts  deflected  from  the  tank  while  being  dumped,    (xx)  Reetan- 
>fiis  below,    (y>  Plus  the  hopper.    (^^)  Pumped  10  stamps,    (s)  Pumped  tliroogh  a 


—  :v  ^ 


*?a 


^       - 


scdiiTient,  to  within  t  foot  of  the  surface^  and  a  tank  should  be  made 

f»g.  pnch  a  tank  would  have  periods  of  action  of  ditFerent  kinds.     For 

first  period,  1  to  15  feet  are  filling  with  sediment  and  15 

I  dlly  idle;  during  the  second  period,  1  to  15  feet  are  difi- 

ting  pulp,  15  to  30  are  tilling  and  30  tu  60  are  idle;  during  the  third; 

Li  "0  ire  dietributing,  30  to  45  are  filling  and  45  to  60  are  idle;  during 

L  1  to  45  are  distributing  and  45  to  60  are  filling.     After  thia 

iu  n,  luUHt  be  cleaned  out.     It  will  be  observed  that  J  of  this  tank  ia 

time;  during  the  early  part  it  is  the  tail  end  and  during  the  later  part, 

that  in  all  the  foregoing  theory  and  calculations,  the  velociiy 

uifiifce.     This  was  done  for  simplicity.     All 

|t  scales,  will  settle  more  rapidly  than 

"^ed  out,  is  based  upon  the  bei^t  facta  \ 

»ly  in  caees  where  no  precipitant  ia 

(lia  much  finer  than  thoese  cs>Ti%\dft:vfe^ 
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will  have  to  be  settled;  these  must  be  experimented  upon  and  then  the  same  laws 
may  be  applied  for  computing  the  tanks  to  do  the  work. 

A  good  rule  in  regard  to  the  limit  of  settling  is  to  increase  settling  capacity 
as  long  as  the  added  catch  pays  the  expense  of  getting  it  The  author  on  one 
occasion  settled  slimes  from  a  steam  stamp,  crushing  Lake  Superior  copper  rock, 
which  failed  to  reach  the  bottom  of  an  oil  barrel  in  24  hours^  but  settied  in  a 
week.  The  slime  so  caught  was  as  fine  as  clay  and  assayed  0.2%  copper.  No 
possible  use  could  have  been  made  of  it  unless  it  had  been  rich  enough  to  smelt 
or  leach  at  once,  which  it  was  not. 

The  slowest  grains  given  in  Fig.  287,  were  the  grains  when  90%,  as  estimated 
by  the  eye,  had  passed.  The  few  straggling  residual  grains  take  an  indefinitely 
longer  time  to  come  down. 

§  349.  Data  from  the  Mills. — A  study  of  Table  252  shows  that  most  of 
the  tanks  in  use  are  rectangular  in  shape,  and  they  are  generally  narrower  in 
proportion  to  their  length  than  the  discussion  suggests  would  give  the  best  set- 
tling. A  few  have  bottom  cross  partitions  extending  up  part  way.  These  serve 
to  prevent  a  sweeping  bottom  current,  but  do  so  at  the  expense  of  a  quickened 
top  current,  losing  settling  power  thereby.  A  few  have  partitions  causing  a 
meandering  current  backward  and  forward,  or  up  and  down.  These  partitions 
simply  hurry  the  current  and  hinder  it  from  doing  its  best  settling.  The  best 
settling  is  done  by  diminishing  speed,  not  by  lengthening  the  course.  Two 
tanks  in  parallel  do  much  better  work  than  two  in  series.  Many  of  the  tanks 
lose  efficiency  due  to  rapid  local  currents  caused  by  feeding  and  overflowing  over 
only  part  of  the  width.  The  baffle  plate  or  deflector,  for  breaking  up  a  sur- 
face current,  does  not  occur  in  any  of  the  settling  tanks.  The  concentrates 
bank  will  have  coarsest,  heaviest,  deepest  and  richest  deposit  at  the  feed  end  of 
the  tank,  sloping  off  and  becoming  poorer  and  finer  toward  the  overflow  end. 

Unless  otherwise  stated  in  the  design,  the  tanks  are  shoveled  out  periodically 
and  it  will  be  seen  that  most  of  them  are  so  cleaned.  Some  tanks  have  gates  with 
or  without  hopper  bottoms  to  drop  or  flush  out  the  product.  In  a  few  instances 
a  continuous  spigot  is  used.  Mill  38  has  a  20-mesh  screen  in  the  bottom  for 
draining  off  the  water  preparatory  to  dumping  the  concentrates.  A  few  grains 
may  pass  through  this,  but  a  natural  filter  almost  immediately  forms  and  pre- 
vents more  concentrates  from  coming.  The  drainage  water  issues  continuously 
and  goes  to  a  later  settling  tank. 

The  settling  tanks  of  the  combination  mills  82,  83  and  84  are  arranged  in 
series  with  short,  narrow,  connecting  launders,  so  arranged  that  any  one  may 
be  cut  out  and  shoveled  or  flushed  out  through  the  bottom.  They  are  in  a 
measure  distributors,  since  the  settlings  are  to  be  charged  to  the  amalgamating 
pans,  with  the  shortest  distance  to  shovel. 

Mill  42  desen^es  a  special  note  on  account  of  the  magnitude  of  the  operation. 
Here  all  the  coarser  concentrates  are  caught  in  hopper  tanks  which  discharge 
directh  by  gates  below  into  cars,  while  the  fine  overflows  run  to  very  large, 
shallow  tanks,  40  feet  wide  and  80  feet  long,  which,  when  full,  are  dischar^ 
by  opening  a  side  and  running  a  car  in  on  tracks  on  the  bottom  of  the  tank  for 
ease  of  shoveling.  A  small  amount  of  quicklime  is  shoveled  in,  chiefly  to  dr} 
the  mud,  and  incidentally  to  precipitate  the  copper  from  sulphate,  and  flux  the 
ore.  This  mill  is  noteworthy  because  the  final  overflows  of  all  its  box  classifiers 
are  concentrates  and  are  sent  to  be  settled  in  the  above  tanks.  The  order  of 
depositing  and  of  idleness  probably  exists  in  this  tank,  as  indicated  in  §348, 
although  the  tank  is  not  computed  on  the  fifteen-foot  basis,  but  it  is  considered 
better  economy  to  let  u  portion  of  the  tank  be  idle  in  order  to  gain  the  advan- 
tages of  the  long,  inexpensive  period  of  catching,  follow^  by  the  lm;e  Kile 
clean  up. 


The  use  of  burnt  lime  is  also  practiced  in  the  cyanide  plants  of  South  Africa, 
It  it  is  added,  not  to  the  settled  mud  as  in  Mill  42,  but  to  the  water  carrying 
le  elimes  in  suspension,  and  it  throws  them  down  in  guch  a  flocculent,  porons 
^niLtion  at^  to  permit  of  easy  leaching.  The  Bonanza  Company**  uses  about  5^ 
Dundfi  of  lime  for  every  ton  of  solid  slirae  contained  in  the  pulp,  and  haai 
Ihereby  reduced  the  time  required  for  settling  from  12  hours  to  2^  hours,  and 
its  pumping  charges  from  £185  to  £25  per  month.  In  kaolin  washing  alum  is 
frequently  used  to  settle  the  very  fine  stuti  from  the  water. 

Albert  Williams,  Jr.,^**  advocates  hopper  bottomed  tanks  for  settling  stamp 
pulp  for  pan  amalgamation  and  the  setting  the  pans  low  enough  to  sluice  the 
pulp  direct  to  the  pan ;  24%  of  the  labor  in  a  silver  mill  is  for  tank  men,  usually 
shoveling  30  inches  deep.  The  added  cost  of  construction  need  not  be  over  i 
>1»000  for  a  20  stump  mill,  a  sum  which  could  be  saved  on  images  in  three 
E&c^nthB^  run. 

§  350.  Baffle  Boabd  Settling  Tank. — This  fonn  of  apparatus  is  reported 
by  Courtpnay  De  Kalb  (private  communication)  as  being  in  use  at  Cocheno, 
"^loxico,  r  ng  fine  slimes.     As  sho\vn  in  FigF,  285a  and  2856,  it  consists 

_a  reti     ^      i    tank  with  hoppers  I*F  in  the  bottom  and  with  60''   baiB© 


u»H'  -^  y  -d 


— c 


h 


TIO.     285a. — LONGITUDINAL     SECTION     OF     BAFFLE 
BOARD  SETTLING  TANK, 


FIG.    285&. — SECTION   OK 


t^oardfi  BB  set  3J  inches  apart  horizontally.  The  height  of  the  overflow  is 
adjustable  and  is  such  that  there  is  just  room  enough  for  the  current  to  flow 
over  the  tops  of  the  baffle  boards  without  rippling.  The  box  K  serves  as  a  dead 
box.  The  principle  of  the  apparatus  is  that  between  any  two  adjacent  baffle 
boiards  currents  are  set  up  as  indicated  by  the  arrows.  The  downward  current 
causes  the  slimes  to  slide  down  on  the  upper  side  of  the  baffle  boards,  but  the 
mvard  current  is  not  sufficient  to  lift  them  again.  The  settled  slimes  are 
diacbarged  intermittently  through  f-inch  rubber  goose  necks,  R,  adjusted  to 
gife  ilow  flow  and  hung  up  above  the  level  of  the  water,  as  shown,  when  not 
diachargtng.  There  are  three  of  these  in  use  at  Cocheno.  The  feed  contains 
on  an  average  4.67%  solid  material,  the  overflow  averages  0.64%  solid  and  the 
Kttlijiga  21.91%  solid  material.  The  settlings  are  drawn  off  at  intervals  of 
evtty  four  hours,  the  time  of  drawing  lasting  about  an  hour,  and  the  feed  not 
beinf  interrupted.  The  surface  velocity  of  the  current  in  the  tank  is  7J  feet 
ptr  NH!/ind.  Fnnuerly  instead  of  these  three  tanks,  settling  boxes  and  five  set- 
tling ''  about  an  acn*  in  extent,  were  u^ed.  The  circulation  was 
^Wflv  »vo  of  these  ponds  and  sometimes  through  three,    T\<c^\.m^*Oo 
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same  material  as  above  (4.67%  solid)  these  ponds  gave  an  overflow  which 
averaged  0.7%  solid  material^  and  the  settlings  pumped  out  carried  20%  solid. 

The  design  given  in  Figs.  285a  and  285b  is  not  adapted  to  slimes  carrying 
more  than  60%  granular  matter,  of  which  the  maximum  grains  must  not  be 
more  than  0.08  mm.  diameter.  The  effectiveness  of  the  apparatus  appears  to 
be  due  to  the  fact  that  grains  have  only  to  settle  i  inch  in  a  length  of  30  fset 
before  they  are  caught  in  the  slow  moving  water  between  the  baffle  boards. 

The  Geyer  Slime  Concentrator  consists  of  intermittent  settling  tanks. 
It  uses  four  tanks,  each  with  a  3  m.  diameter  and  1  m.  high  cylinder,  with  60^ 
cone  bottom,  with  no  overflow,  but  with  a  constantly  flowing  small  spigot  at 
the  apex.  The  pulp  stream  fills  the  first  tank  and  is  then  shifted  automatically 
to  the  second,  and  so  on,  till  the  last  is  reached,  no  overflow  having  been  made. 
When  it  is  almost  time  to  return  to  the  first,  a  gate  in  the  flrst  tank,  which  is 
placed  at  the  junction  of  the  cylinder  and  the  cone,  is  opened  automatically  and 
the  clear  water  above  this  level  flows  out.  This  gate  is  closed  automatically 
when  it  is  time  for  the  pulp  to  bo  fed  to  the  first  tank  again.  With  1,000  liters 
pulp  fed  per  minute,  each  tank  has  twenty  minutes  in  which  to  settle  before 
the  top  clarified  water  is  drawn  off. 


IX.  Clariftino  Reservoirs. 

§  351.  These  are  reservoirs  for  settling  out  the  sediment  from  water  which 
has  once  been  used,  preparatory  to  using  it  again.  The  principles  discussed 
under  settling  tanks  apply  here,  except  that  the  particles  to  be  settled  are  in 
this  case  much  smaller  than  in  the  former,  and  the  sediment  is  generally  of  no 
value. 

In  Mill  25  all  the  water  which  has  done  its  work  of  concentration  flows  by 
(a)  a  canal  600  feet  long,  6  feet  wide  and  6  feet  deep,  to  (6)  a  tank  30  feet 
long,  15  feet  wide  and  6  feet  deep,  thence  to  (c)  a  tank  45  feet  long,  30  feet 
wide  and  6  feet  deep,  which  is  divided  up  by  cross  partitions  into  nine  compart- 
ments, thence  to  (d)  a  tank  200  feet  long,  30  feet  wide  and  6  feet  deep.  The 
canal  and  tanks  are  all  built  of  stone  and  lined  with  cement  and  have  a  smooth 
cement  floor,  (a)  is  flushed  out  for  removing  sediment  twice  a  week,  (b) 
and  (c)  are  flushed  out  once  in  two  months,  (d)  is  hydraulicked  out  with  a 
hose  once  in  nine  months.  The  sediment  contains  about  6%  of  lead  and  is  not 
worth  saving. 

Mill  26  sends  all  the  drainage  water  from  the  mill,  including  the  flushing 
from  the  settling  tanks  for  tailings,  to  a  reservoir  with  40,000  square  feet  of 
surface  area  at  the  foot  of  the  hill,  about  600  feet  away,  the  sides  of  which  are 
built  of  coarse  tailings,  made  water-tight  by  the  finest  slimes.  The  silt  is  there 
settled  and  the  clear  water  drawn  off  into  a  tank  36  feet  wide,  20  feet  long  and 
7  feet  deep,  and  from  there  is  pumped  by  a  Miller  Duplex  pump,  at  the  rate  of 
100  to  125  gallons  per  minute,  to  No.  1  receiving  tank,  which  it  reaches  almost 
clear  of  sediment.  So  perfect  is  the  water  system  in  this  mill,  that  no  portion 
of  the  water  goes  off  except  that  due  to  evaporation.  In  order  to  maintain  the 
banks  of  the  reservoir  above  the  slime  deposit,  the  tailings  of  the  vanners  and 
fine  jigs  are  settled  in  unwatering  boxes  which  yield  overflow  to  settling  tanks 
and  spigot  products  which  are  conducted  down  the  hill  in  launders  and  are  dis- 
tributed along  the  bank  all  around  the  reservoir,  by  a  V  launder.  This  launder 
has  small,  triangular  openings  with  area  of  1  square  inch  placed  4  feet  apart 
along  the  bottom  of  the  launder  which  enables  the  reservoir  man  to  direct  the 
sand  deposits  to  any  desired  point  along  the  bank  of  the  reservoir. 

Mills  83  and  84  also  have  settling  ponds  for  recovering  tlie  last  of  the  water. 


^5^ 


OLABSlFlERa. 


Wl 


At  Tarnowitz  a  tpace  enclosed  by  a  dike  of  coarse  tailings,  made  tight  on  the 
side  by  fine  tailiugs,  has  been  used  for  impounding  mill  tailiog.s. 
At  the  washing  plant  of  the  Longdale  Iron  Co,,  Virginia,  ponds  several  acres 
extent  and  20  or  30  feet  deep  are  formed  by  making  embankments  of  slag 
from  the  blast  furnaces  and  lining  the  inside  slope  with  clay.  The  slimy  water 
ym  which  the  sand  has  previously  been  removed  by  an  un watering  apparatus, 
lied  tlie  Johnson  mechanical  sand  shoveler  (see  §  637),  runs  into  these  ponds 
id  filters  through  the  embankment  perfectly  clear.  In  this  particular  in- 
6iance  the  water  is  not  used  again,  the  clarifying  being  done  merely  to  prevent 
depoeition  in  the  streams. 

§  352.  Quality  of  Work  of  Classifiers, — ^Tb  test  the  efficiency  of  classifiers 
in  the  mills,  the  author  obtained  complete  sets  of  samples  from  Mills  22,  28,  30 
ad  38.  These  samples  were  all  sized  upon  a  nest  of  sieves,  and  the  results 
given  in  the  columns  headed  '*Per  cent/'  in  Tables  253  to  256.  The  other 
^lumns  will  be  explained  later  under  Testing,  in  Chapter  XXL  The  results 
also  plotted  graphicnlly  in  Figs.  530,  538,  540  and  542, 
Sorted  products  of  a  classifier  might  be  tested  either  in  a  perfect  sorting 
trument  which  would  determine  how  nearly  the  classifier  had  approacht^d  to 
grfect  sorting,  or  by  sizing  sieves  and  microscope  which  would  show  the  actual 
res  obtained  and  the  approximate  proportions  of  minerals  present.  On  the 
iples  here  considered  sieves  were  used  down  to  the  limit  of  sifting,  and 
E>rting  in  a  beaker  for  finer  sizes. 
An  inspection  of  the  sizing  tests  and  of  the  diagrams  shows  how  each  class!- 
pr  product  stretches  out  over  a  considerable  range  of  sizes,  that  is,  the  elassi- 
prs  in  the  mills  are  all  doing  more  or  less  imperfect  work.  Looking  over  the 
raphical  plot.^  of  F^'igs.  535  to  542,  one  sees  a  series  of  products  less  and  less 
prfectly  bounded  from  the  coarsest  sieve  down  to  the  last  spigot  of  the  box 
Isssifier.  The  limits?  of  the  trommel  sizes  are  fairly  sharply  defined,  those  of 
be  first  spigot  product  of  the  hydraulic  classifier  are  less  so  and  the  decrease 
goes  on  through  the  later  spigots  of  the  hydraulic  classifiers  and  the  spigots  of 
the  box  cla.ssifier6. 

Regarding  the  respective  merits  of  the  hydraulic  classifiers  the  work  of  the 
Meinecke  classifier  of  Mill  28  excels  all  the  others  in  keeping  fine  material  out 
of  the  spigot  It  is  logical  that  it  should  do  the  best  work  when  one  considers 
that  it^  action  (see  §  325)  is  to  successively  eliminate  the  lighter  grains. 

Tables  253  to  256  also  show  that  the  amount  larger  than  0.270  ram.  in  the 
o^rflow  of  the  hvdraulic  classifiers  is  3.5%  in  Mill  22,  less  than  1.0%  in  Mill 
M.  about  5  or  10%  in  Mill  30  and  0,5%.  in  Mill  38,  This  indicates  that  the 
1o\v<r  limit  of  work  of  hydrnulic  classifiers  is  about  \  mm.  (^  inch)  and  the 
practice  is  to  send  stuff  finer  than  this  to.  box  classifiers. 
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TABLE  253. — SIZING  TESTS  OF  SORTED  PRODUCTS  IN  MILL  22.* 


No.  X  6iirf»o»  CarrcDt  Box 


Kumber  In  Fig.  fS6, 


TbrouRh  A 
Throiifi'h  SJ, 
Through  I, 
Through  I , 
Throujjh  0, 
Through  G, 
ThrouK^  0. 
Tbrou^h  0, 
Ttirough  0. 
Through  (>, 
Through  0. 
Through  0. 
Through  0, 
Through  D. 
ThTtHigb  0, 
ThrougliO. 
ThrODgh  0. 
Through  0, 


.61  onS 

M  onZ 

.m  on  3 

M  on  1 

.40  OD  0 

.fti^QO  0 

667  on  0 

S7I  on  0, 
!?70orL  0 

119  on  0, 
Ora  OD  0, 

aa»ot»o 

0J7  on  0, 
.034  on  0, 
ces  on  0, 
019  on  0, 
m%  mm 


M  mm. 

«fl   mm. 

49   mm. 

f^ifimm 

.mnmm. 

.4[^mmiat 

.371  mra..,,.,.» 

.270  mm.. 

.  15H  inmH . ,  . . . . 
.nornm........ 

■OTTimm 

JMiammio).,... 
M7  mm. 
.<3S4  mm. 

025  mm, 
.019  mm 
.013  mm. 


Total...,.*,. 00.7......  W.4 


^  The  Biffnificance  of  the  columns  headed  *'  Cumulative  percent**  is  explained  in  f  Mft-f  (ML 
(a)  Roand  hole  sieTes  were  used  down  to  and  including  0.408  mu.:  then  square  hotos  down  to  and  Jnelnd- 
ins  0.009  mm.  Below  0.069  mm.  settling  in  water  was  used  and  the  sizes  given  are  meraly  diametors  of  qiuuli 
which  corresx>ond  to  settling  velocities  of  7.33,  8.07,  1.83,  0.917  and  0.866  mm.  per  second  actuallj  used.  All  of 
the  settled  products  contained  grains  of  mineral  heavier  than  quarts  and  these  graina  were  amaUer  than  the 
quarts  grains. 


TABLE   254. — SIZING   TESTS  ON   SORTED  PRODUCTS   IN   MILL   28*. 


Number  In  Ffg.  538. 


Thiiou^ 


No.  I  Hydraulic  Classifier. 


Feed. 


wCFLgfifrrt 


h  *i 


o 


First 
Bptgot. 


10 


ISecond 
8p<pot 


11 


Third 

Spigot 


£ 


a* 


Fourth 
Spigot 


IS 


No.  1  iiurfaoe  Cuireot 


First 
Spigot 


14 


Second 

Spfgqt 


IE 


£ 


U 


(o> 


^rieot 


%m  onl 

1.89  on  I 
1.49  odO 
0.94&on0 
0.667  on  0 
0,493  on  0 
0,Bn  on  0, 
0.37O  on  0 
0.168onO 
O.U9onO 
O.073oa0. 
a,J«&onO 
'1.047  on  0 
O.D34onO 
0.0£5  on  0 
0.019  on  0 
0,013  mm 


.89  min(t)., 
.49  mm,.,,,, 
.915  mm..,., 
.507  mm 

■4^(3  mm  (&k, 
.371  mm..... 

.370  rnm 

.158  mm*.... 
.liamm,,... 

073  mm..*.. 
.0G9  mm  (6).. 

♦CM7  mm 

,03-1  mm.*,,, 
.Ch>5  mm..*.. 
.OtO  mm.  .»*« 
.OlSmm,...* 


0.8 
38*5 
67J 


5.6    B.tJ 

1fl.B43.1  3J 
Ul\m.%  0.3 
B,Rrij3.4 


S.9 
13,H 
3.8 
£*6 
0.9 


71*3, 

H5,l 

95.4 


4*4 


TotAl..,. 


99*a 


0,3 

95.& 
00.0 
OO.t 


0*1 
54. 
90.4 

99,0 
99.7 
99.9 


364 

43,a 

10,7 
3,0 
8.0 
%A 
0.& 
0.4 


36.4 
79.7 
M.4 
m.A 

96.4 

a*. 8 

S9*3 
99 


a,i 

so*s 
3a. 5 

IS  1 

13.2 

o.s 


0*1 


3.1 
33.9 

oa.4 

73.5 
91.7 
DO.  4 
99.0 
^.8 


0.3 


0.3 


0.04 
0,1 
0,1 
O.B 

3.a 

3.0 
3J.1 

ft*a 

8*0 
1.8 
0,3 

0.3 
1.0 


0.(H 
0.1 

o*s 

0,7 
3.9 
6.9 

88.0 
84*8 

m.% 

06*6 

9T.4 
9T.7 
97*9 


O.l 
0.» 
0,9 
0:7 
1S*4 
6.3 

7,1 
1*9 
0*6 
1.4 


30, 


0*1 

o.a 
1*1 

1*9 
17*3 

sa,8 
m. 

UA 

98 : 

99.8 


S» 


e.] 

9J 

ti 
tt.l 

53.5 

_,_  raJ 
9*^  m.% 

M 


0*1 
o.« 

.5 
34.1 


00.8 


100,0 


100.0 


100.0 


99.94 


10.08.... 


96,9  ...... 


*  The  significance  of  the  columns  headed  **  Cumulatiye  peroeoti**  Is  explained  in  1 86t-{^Mw 
(a)  No.  1  whole  current  box  classifier.    (6)  Bound  hole  sieves  were  used  do#ii  to  and  Ji^^^i^ftif  aiDI  mn.; 
then  square  holes  down  to  and  including  0.060  mm.    Below  a069  mm.  settUnic  in  water  waa  naed,  and  the  viM 
crimen  are  merelv  diameters  of  quartz  which  correspond  to  settUnff  velooittBa  of  7 JS.  SJQT,  llnTAU?  and  010 
mm.  per  second  actually  used.    Ml  of  the  settled  pi^aots  oooteined  aoma  gnita  of      ' 
quarts  and  these  grains  were  tmaUer  than  the  quarts  Kraioa. 


s  of  Uie  ooluiuDs  headed  ''Cumulative  ptM'oetit /*  la  crptrdued  in  |  Mi-i  ism, 
ia\  ItMlld  lM)l«  tUmm  wwn  used  down  to  «nd  Inctudinf?  0  493  mm. ;   then  Bquans  holes  down  to  &Qd  iDclud"  < 
teCWi  <■>&-    Belf^w  0,009  mm.  S(»ttliDK'  io  wat<^r  was  tibi^,  and  thf"  Mz*^  i^iren  are  merely  diameters  of  quar 
JWLii'uiJiMWpniid  to  fptttlng  irelocltivs  or  7.88.  S  67,  l.m,  0.917,  &Tid  0.366  mm.  per  seoood  actually  uaed.    All  i-^ 
mmmtHtBd  firodneta  contaloAd  Mme  ^ralDS  of  minoral  beaTier  than  quarts,  and  tbeae  gralDB  were  amaller  tbao  < 
gMfptftfUffrmlcii. 

BTBLIOGRAPHT  op  CLASBIFIBmS* 

This  wilt  be  found  at  the  end  cyf  Cha|<t«t  Xd. 


CHAPTER  XII. 

LAWS  OF  CLASSIFYING  BY  FREE  SETTLING  IN  WATER 

^  §  353.  Free  Settling  and  Hindered  Settling  Defined. — ^In  order  to  intel- 
ligently design  hydraulic  classifiers,  box  classifiers,  settling  tanks  and  jigs,  the 
laws  governing  the  rate  of  settling  of  particles  in  water  must  be  understood. 

There  are  two  conditions  of  settling  of  grains  that  are  recognized  as  distinct 
from  each  other  and  whose  laws  must  be  studied  independently.  They  are  called 
falling  under  free  settling  conditions  and  falling  under  hindered  settling  condi- 
tions. 

Free  settling  is  where  individual  particles  fall  freely,  either  in  still  water  or 
against  an  opposing  upward  current,  without  being  hindered  by  other  particles. 
The  classifiers  and  settling  tanks  are  instances  of  this  principle. 

'Hindered  settling  is  where  particles  of  mixed  sizes,  shapes  and  gravities  in  a 
crowded  mass,  yet  free  to  move  among  themselves,  are  sorted  in  a  rising  current 
of  water,  the  velocity  of  which  is  much  less  than  the  free  falling  velocity  of  the 
particles,  but  yet  enough  so  that  the  particles  are  in  motion.  The  arrangement 
of  the  particles  is  so  positive  that  if  one  of  them  be  moved  either  upward  or 
downward  from  its  chosen  companions,  it  will  be  found,  when  set  free,  to  return 
immediately  to  practically  the  same  group  as  before.  The  jig  beds  are  instances 
of  this  principle.  The  consideration  of  hindered  settling  will  be  reserved  for 
the  chapter  on  jigs,  and  only  free  settling  will  be  here  taken  up. 

§  354.  Free  Settling,  General  Principles. — The  conditions  affecting  free 
settling  will  be  first  considered.  The  rate  of  falling  of  particles  under  free  set- 
tling conditions  depends,  other  things  being  equal  in  each  case,  upon: 

(i)  Specific  gravity. — Of  two  particles  having  different  specific  gravities, 
that  having  the  higher  will  fall  faster  than  that  having  the  lower. 

(2)  Size, — Of  two  particles  the  larger  will  settle  faster  in  the  water  than  the 
smaller. 

The  specific  gravity  and  size  have  a  further  effect  upon  the  rate  of  acceleration 
of  the  particles  during  the  time  they  are  acquiring  their  full  velocity,  that  ifi, 
before  they  reach  the  point  wliere  the  friction  of  the  water  plus  the  force  of  the 
rising  current,  if  there  be  any,  balances  the  force  of  gravity.  This  effect  is,  that 
of  two  particles  which  arc  equal  settling,  the  smaller  particle  with  higher  specific 
gravity  reaches  its  full  velocity  quicker  tlian  the  larger  particle  with  lower  specific 
gravity,  or  in  other  words,  it  has  greater  acceleration. 

(3)  Shape, — Of  particles  which  just  pass  through  the  same  screen,  the 
roundish  grain  settles  faster  than  the  long,  narrow  grain,  and  the  latter  settles 
faster  than  the  flat  grain. 

(4)  Air  huhhles, — Of  two  particles,  one  of  which  retains  adhering  air  bubbles, 
while  the  other  does  not,  the  latter  will  settle  most  rapidly.  Water  is  sometimefl 
so  charged  with  air  that  bubbles  form  upon  immersed  grains  and  tend  to  float 
them. 

(5)  Magnetism, — Of  two  groups  of  particles,  one  of  which  is  strongly  mag- 
netic, while  the  other  is  not,  the  former  may  form  a  clot,  owing  to  the  mutual 
attraction  of  the  particles,  and  fall  much  more  rapidly  than  the  latter  in  which 
the  particles  fall  individually.  * 
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(<J)  Density  of  Liquids, — In  two  liquids  of  different  density,  the  rate  of 
Pttling  of  a  particle  is  more  rapid  in  the  lighter  liquid.  This  idea  may  be 
irried  so  far  as  to  have  a  liquid  of  a  density  greater  than  the  specific  gravity 
*  the  ore  particles,  and  the  particles  will  then  float  on  its  surface.  Again,  there 
aay  be  particles  of  tv^o  ditfercDt  specific  gravities  and  the  density  of  the  liquid 
ies  between  thcniy  in  which  case  the  particles  of  low  spectic  gravity  will  float, 
rhile  those  of  high  will  sink,  and  a  separation  will  be  effected  thereby,  accord- 
to  the  principle  of  intermediate  density, 

(7)  Viscosity. — In  two  liquids  of  different  fluidity,  the  rate  of  settling  of  a 
irticle  is  more  rapid  in  the  more  fluid  liquid. 

g  355.  SoKTiNO  Tube  Investigation.— The  author  has  investigated  this  ques- 
:>n  of  the  rate  of  settling  under  free  settling  conditions.  The  purest  available 
imples  of  a  number  of  minerals  were  obtained  and  their  specific  gravities  care- 
jlly  determined.  The  results  are  shown  in  Table  257.  They  are  averages  of 
iree  or  four  closely  agreeing  tests. 


■                  TABLE  257,- 

—SPECIFIC  GRAVITIES  OF  MINERALS  USED  FOR  TESTS. 

f                    mavml. 

Speclflc  aravity. 

MineraL 

Speclflc  Gravity, 

■fit|irfK«n« 

1.478 
«.040 
8.380 
4.040 
4.508 

4.wr 

6.8a4 

Arseuopyrite ...,,,,.. 

5,e«7 

^■ATtS 

O.SSl 

H|M<n|BT  ............. 1..T 

A  ritimuny  (artificial). 

0.TD0 

^HMlrrttft '    *  *  * 

WNfraniite ,....,...«. 

ft.WT 

^IBK««»«k 

OiUena  (c«bic> 

7.5fi6 

^^^^HSl^  "** 

Copper  <Lalce  Superior). 

a. 479 

^^^BBSiL 

^^^^^v 

A  series  of  eieves  arranged  in  a  nest  was  prepared  and  the  diameters  of  the 
[*les  were  carefully  determined,  as  shown  in  Table  258.     Eaeh  mineral  was  then 
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TABLE  258. COMPUTATION 

OP  GRAIN  SIZES. 

Meshes 

Net 
Linear 
Bazeof 
Hole. 

Meshes 

Net 
Llm^ar 
Size  of 

Hole. 

Average 

Rattoof 

afteiriL 

ooe  wnj. 

niameter 

lach  the 
oLtier 

Diameter 

of 

Wire. 

Average  Net 

LiDe&r8i2o 

ot  Hole. 

of  Size 
Rod  of 

one 
ftbovw  it. 

Linear 

Size  of 

Hole  to 

one 

wny. 

B«*Iow  It. 

tnchefl. 

Iftciiea. 

Inche*. 

iDches. 

Inches. 

Mm, 

Km. 

8 

8 

OMJfwa 

0.8880 

8 

0  1W« 

0.8B80 

0.8880 

7.188 

1.86 

4 

8,7R 

0.0471 

0.»l{»d 

4A 

yjMi7 

0.1W7 

O.aOBT 

B.ai>i 

6,S&t4 

1.35 

5 

6.25 

O.OttH 

0  tsoo 

& 

0.0404 

0.15116 

0.1548 

S.fftS 

4.616 

1,17 

6 

6 

o.oefia 

0,1816 

8.0 

0,0866 

0,1380 

0.1838 

S.3S8 

8.645 

1.81 

K     ^ 

a      1 

Q.mo 

0.0!W0 

7.5 

0.0079 

o.iow 

0.1018 

8.sro 

8.904 

jul.88 
16  1.86 

■tolfD(<') 

10 

0  085O 

0.0780 

m 

o.a»i» 

o.nw® 

0,0880 

8J08 

8.860 

1,84 

K»«vXr) 

10,4 

0.08CO 

o.orw 

I™ 

0.0830 

0.07«0 

0.W48 

1.8B6 

8.888 

l,«l 

1  ^ 

18 

O.0S81 

0.0613 

11,8 

0,(1221 

0.0806 

0.0619 

1.87« 

tal.840 
1  ht  .784 

}     1.90 

1   » 

14 

0.011^ 

0.0517 

U 

0JH97 

0.08T7 

0.0617    1 

1 .818 

1.448 

*     l.IQ 

I    M 

le 

o.oias 

0.0148 

14.0 

0.0183 

o.Ofioe 

0.0178 

1.180 

1.8S6 

l.SS 

1   1® 

18 

0JJ170 

U.UH88 

18.4 

(K0JB8 

0.03W 

0.0888 

O.fltIO 

t.OW 

1,08 

1  m 

18.8 

•  0-01«S1 

0,0871 

80 

OAnsa 

0.0844 

0,0857 

0.907 

0.M4 

1.19 

u 

88 

OOiJB 

Q.(a» 

81 

0,0188 

0.0*78 

COMOO 

0.788 

0-S86 

1.86 

90 

98 

o.om 

0.0888 

80 

0.0121 

0.0813 

0.0383 

0.686 

0.064 

1.88 

40 

85 

o.unx) 

o.oise 

40 

0,0100 

O.Oli^ 

o.otoa 

0.487 

0.496 

1.88 

to 

40 

O.OQUO 

O.OlflO    ' 

60 

0.0088 

0.01  IT 

0.01.18 

o.art 

0.880 

1.87 

00 

fll.S 

0.0081   : 

0-0081 

47 

O.OUTtf 

0.0138 

o.oio-.) 

0.814 

1.85 

80 

87 

0.0058 

OOOSM 

HI 

0,0065 

0,0008 

O.OOHl 

0.206 

0.841 

1.60 

■  no 

101 

o.O04r 

(HNJEM 

108 

0.0048 

0.006B 

0.0054 

0.137 

0.173 

1.06 

mm 

116 

0.0094 

0,OOC4 

190 

0.0081 

11.0048 

O.rtJfil 

0.18fJ 

0,184 

1,81 

|l40 

188 

Q.009M 

0.0fM4 

m 

0.0084 

0.0099 

o.nm 

0  107 

0.110 

ta)  With  old  10  mrfsb     i/i>  Wtth  tH.->v  m  m^^h,    {ey  The  old  sU*vtt  w^as  used  for  sIkIok  durtiiK  ttie  free  and 
1  MttlUif^  auil  th«.'«  poUlon  Jig  rxpor^nii^nt^.    The  new  sieva  waa  used  od  the  later  jls^oir  etzperlmeota. 

by  th<^?  series  of  sieves,  yielding  a  series  of  producta  ranging  from  the  eoars- 
to  the  finest.  Thi*  average  diameter  of  thi^  grains  contained  in  any  one 
llict,  (at  example  tho.^*>  pSrticles  which  passed  t\it(j\\t^\\  *l^vi*itv^*^  ^^wiH*^  lasA 
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rested  on  40-mc8h,  was  assumed  to  be  the  average  of  the  diameters  of  the  two 
sieve  holes.  Some  writers  have  used  factors  obtained  by  experiment  for  obtain- 
ing these  values,  but  the  author  thinks  that  this  simple  basis  for  computation, 
which  can  be  at  any  time  reproduced,  is  preferable  to  one  which  involves  the  use 
of  a  coefficient  which  may  or  may  not  be  correct. 

TABLE  259. — SORTING  TUBE  RESULTS — ^FASTEST  GRAINS. 


SpedJlc  OraTit;^ 


II 


lil-14 

14-16 
10—18 
18 -ao 

30-34 

SO--tO 
40-^60 
BO-60 

fto-eo 

SO^lOO 
10CH3O 
lSO-140 


Q.HSS 

o.eoi 

0.496 

o.saa, 

0.M4 
0.S4X 
0.173 
0.1B4 
0  119 


HA79 


U7A 
416. n 
387.0 
357.9 
319. f* 
3la,7 
304  2 

iKi,'! 
147.9 
1^.7 
94,  fi 

67. D 


7.586 


434. a 

fm,7 
357.  If 

310,6 
a7?i.7 
S,^,4 

1532.4 
90.9 
157.4 


6.9JI7 


4iK7.a 
3»I.-S 
3^?  J* 

140,9 

in.9 

W.l 
58.0 


til 


411  0 

335.!* 

271*. 3 
365,4 
238.5 
1S8.3 
IRS.  3 
1519.0 
lia.4 

e4.i! 

73.4 


6,3fll 


PI 


4114^.1 

33i> 

275 

&i4.4 

194.1 

im.7 

14^.5 
113.4 

83. i; 
60.6 
1*4.7 


£.027 


»  =  " 


391 
»44,G 
8S9.2 
310.6 

Ml  .5 
SSa3.fl 
17».3 
14^.1 
1215.6 
1Q3.7 
?ft,0 
ftl.4 
4!^. 3 


5.3^ 


^4 


4-0H7 


338.0 
3iTfl,6 

275.1 
235.S 
S-Jl.l 

165.8 
133.6 
1M.3 
93.1 
67.3 
4D.9 
45.8 


341.0 
319,0 

27t}.4 
S38.1 
SSl.S 

aosi.8 

165.9 

m  .0 


^ 

? 
fi 


4.S>Q6 


ill 


9M,7 
077.1 
SUD.S 

SZ0.6 
1W.9 
Ifll.a 
13t.S 
106.fl 
S4.8 

es.Q 

4H,6 
44.3 


4,CH6 


26d.O 

831.7 
tl6.fl 
IB7*4 
1«1,3 
150  .€ 
132.7 
lf».0 

71D 

^.7 
»$.5 


S.iN 


se7.s 

2SI.0 
£19.0 

iTO.i 
154.6 

lOi.f 
S4.S 

e».4 

40.T 
34.3 


S.«40 


£21.1 
185.6 
1^.1 
lift.T 
142.S 
13S.8 
116.7 
fiO.S 
T».l 
«.« 

afi.o 

94.« 


i.4;3 


id 


95.1 

75.9 
flfi.7 
5i.9 
56.7 
48.3 
4U4 
38.$ 
16.4 

iB.e 

I6.I 
lt,5 


W.iS(alft.8 


(a)  Measured  upon  805  mm.  fall«  instead  of  2.438  mm.  {JFrom  a  to  b.  Fig.  986.] 


TABLE  260. — SORTING  TUBE  RESULTS — SLOWEST  GRAINS. 

S 

b 

B 

5 

H 

3- 

^ 

^ 

S 

'     ^S 

^ 

d 

1 

S 

5 

& 

s 

^ 

o 

i^ 

^ 

1 

1 

1 

^ 

5 

1 

1 

1 

1 

1 

1 

1 

1 

Bpeoiflc  Gravity 

S.479 

7.51* 

6.9ff7 

a.rj6 

6.^1 

5.627 

5.3^ 

4.907 

4.R1OS 

4. Me 

3.S8O 

9.040 

1.0 

II 

pll 

1.S40 

III ' 

III 

til 

^4 

¥4 

IS  s™ 

Ib| 

,14 

III 

""i 

CI 

a}J5.T 

"■-R 

-"-i 

''-'■R 

^"a 

>"| 

"'I. 

"'i 

'"'^ 

>'i 

lO^lt 

2ii'i.7 

267.8 

252.3 

272.5 

246.8 

190.8 

^7.8 

19S4 

lfl4.1 

150.9 

1M.8 

m.i 

12^14 

1.443 

208.4 

30(1.4 

244. r, 

210..", 

21H.4 

2}0.fl 

108.0 

200.5 

101.0 

m.2 

147.1 

16V.5 

m 

14-16 

i.25e 

18H.0 

284.4 

209,7 

aofl.:i 

191.3 

185.2 

H7.3 

185,9 

149.4 

150. s 

i9e,e 

1!6J 

»i 

10    18 

1.090 

m.o 

245.5 

189.0 

173.4 

ITfJ.O 

147.3 

12».7 

158.7 

130.9 

m.3 

107. fi 

97.7   oBl.* 

1R.-S0 

o.im 

116.9 

IK».0 

1GD.9 

151.4 

100.4 

m.2 

in. 8 

186.5 

117.2 

m.fj 

loe.o 

ati.l 

9n.S 

SC)-24 

0.83S 

139.9 

a07.] 

146.0 

l:i5.fi 

140.0 

106.7 

103.2 

119.5 

10B.6 

104. e 

90.4 

71.1 

!«.& 

24-30 

0.664 

IIO.S 

167.1 

116.1 

lU.O 

114.2 

75.2 

85.0 

101 .6 

80  J 

T7.» 

a  40.4 

S6.4 

14  9 

m-AO 

0.4^ ; 

a7B.4 

I3a.2 

85.3 

S7.0 

M,8 

mA 

53,0 

80.9 

51 .1 

67.4 

^,4 

40.0 

101 

4fr^W 

0.389 

57,0 

101  .(J 

6^.8 

65.9 

78.2 

42,0 

a  41 .3 

££.4 

a  80.5 

41.4 

lae.B 

34.0 

H 

50-00 

0.3t4 

44.8 

64.7 

A  41^.0 

S5.5 

55. !» 

fi9.3 

3S.0 

. . .  >•  .1 

26.1 

«2.4 

1«.5 

a^.i 

%.& 

m-m 

0.241 

33.1 

53.0 

m.2 

nmM 

m.t 

15.2 

19.0 

16.5 

20,3 

9.9 

16.  R 

u 

80-IQO 

0.172 

^.1 

33.^ 

ia.5 

14.S 

8.3 

9.S 



10.3 

is.a 
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(a)  This  value  and  all  below  It  in  the  same  colimm  was  measured  on  806  mm.  fall  Instead  of  2.4B  quD' 
fFrom  a  to  6,  Fig.  286.] 


A  sorting  tube,  about  60.8  mm.  diameter,  was  prepared,  having  the  spaces 
marked  upon  it  as  indicated  in  Fig.  286.  The  velocities  of  settling  under  fie« 
settling  conditions  were  ihen  oXilrai^iL  \i^  ^Homing  a  number  of  grains,  periup* 
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fifty,  from  each  of  the  products  obtained  by  the  sizing,  to  fall 
the  distaiK'G  from  a  to  c  in  the  sorting  tube,  and  uoting  tlic  period 
required  for  the  passage  of  the  fa^stes^t  grain,  and  also  the  time  re- 
quired for  approximately  90%  of  the  grains  to  pass.  This  pro- 
portion of  90%  was  preferred  to  the  observation  of  the  slowest 
grain,  because  the  slowest  often  lags  an  indefinite  distance  behind, 
The  results  of  these  tests  are  given  for  fastest  grains  in  Table 
259,  and  for  slowest,  that  is,  for  90%,  in  Table  260.  Each  result 
in  the  table  is  an  average  obtained  from  several  tests,  in  some 
instances  as  many  as  20.  The  distance  of  152  mm.  at  the  top, 
was  allowed  for  the  grains  to  reach  foil  speed,  and  the  short  dis- 
tance, ah,  of  305  mm.  was  used  with  the  smallest  sizes  of  grain  a. 
In  all  cases  the  grains  were  thoroughly  wetted  and  in  some  cases 
were  boiled  in  water  before  being  dropped,  in  order  to  guarantee 
their  freedom  from  air  bubbles. 

§  356.  Discussion  of  Sorting  Tube  REsuLTS.^Some  re- 
marks are  called  for  by  apparent  ineonsistencies  in  Table  259, 
of  fastest  grains.  In  nearly  every  instance,  cassiterite  fell 
faster  than  antimony,  althongh  its  specific  gravity  is  lower. 
^The  low  specific  gravity  given  is  explained  by  the  presence  of  a  little  quartz 
in  included  grains  with  the  cassiterite,  while  the  free  grains  probably  have 
a  higher  specific  gravity  than  antimony,  and  fall  ahead  of  tfiat  nietal,  as 
they  should.  The  inconsistency  between  chalcoeite  and  magnetite  is  due  to  the 
shape  of  the  particles;  magnetite  has  rounded  or  cubical  grains;  chalcoeite  is 
rery  flat  and  scaly.  Copper  does  not  lead  galena  nearly  as  much  as  one  wonld 
Kpect.  This  is  due  to  the  shape  of  the  particles.  The  copper  was  Calumet  and 
lecla  stamp-copperj*  as  free  as  possible  from  rock,  the  pieces  being  all  more  or 
ess  flattened^  and  the  finer  particles  to  some  extent  arborescent  and  leaf-like, 
while  the  galena  was  taken  from  large  cubes  of  pure  Wisconsin  mineral.  The 
work  upon  magnetite  broke  down  at  the  60-mesn  sieve,  sizes  below  attracting 
each  other  so  much  that  the  large  flakes  resulting  made  a  test  impossible. 

The  velocities  of  the  slowest  grains,  given  in  Table  260,  are  perhaps  of  less 
value  than  those  of  the  fastest  particles,  since  there  is  a  certain  personal  equa- 
tion in  estimating  the  90%,  which  may  vary.  But  for  other  reasons,  these  values 
are  of  very  great  interest,  and  play  an  important  part  in  the  whole  ore-dressing 
discussion.  Toward  the  lower  ends  of  these  columns  frequent  inconsistencies  \Vin 
be  noted.  They  are,  however,  not  very  serious,  and  are  accounted  for,  partly  as 
in  the  case  of  the  fastest  grains,  and  partly  by  the  difficulty  in  judging  the  00%. 
The  results  given  in  Tables  259  and  200  have  been  plotted  with  the  ordiuates 
representing  diameters  of  grains  in  millimeters,  and  abscissse  representing  veloci- 
ties of  fall  in  millimeters  per  second,  and  from  the  plotted  points  smooth  curves 
have  been  drawn  which  show  directly  the  velocity  of  either  the  fastest  or  the 
slowest  grains  of  any  diameter  for  the  thirteen  different  minerals*  The  curves  for 
six  of  the  thirteen  minerals  are  shown  in  Fig.  287.  These  were  chosen  as  reprcsen- 
tative  as  it  would  obscure  the  plot  to  put  the  curves  of  all  thirteen  minerals  in 
one  figure.  These  curves  are  further  designed  to  be  used  for  all  calculations 
and  estimates  where  the  velocity  of  fall  has  to  be  known.  To  make  the  work 
complete,  curves  would  have  to  be  drawn  for  each  individual  mineral  with 
which  the  ore  dreseer  has  to  deal,  but  the  author  believes  that  from  the  curves 
^of  the  six  minerals  sufficiently  accurate  figures  for  velocities  of  other  minerals 
lay  be  found  by  interpolation,  if  the  specific  gravity  and  peculiarities  of  cleav* 
Ikge  of  the  other  minerals  are  known.  It  wiU  be  noticed  that  one  cannot  obtain 
average  figures  din?etly  from  these  curves,  but  that  one  gets  for  a  given  size  of 
rain,  a  range  of  velocities  with  which  it  may  fall  or,  oa  iKe  <iltAt  W\i<^^l^^  ^ 
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given  velocity  of  fall,  the  range  of  diameters  of  particles  that  may  have  that 
velocity.  The  curve  of  the  average  grains  wonltl  lie  somewhere  between  the 
curves  of  the  fastest  and  slowest  graing,  but  not  necessarily  midway.  The  im- 
pression that  the  author  received  by  the  eye.  from  ivatehing  the  experiments,  was 
*iat  the  cun^e  of  average  grains  would  lie  about  one-third  the  distance  from  the 
istest  to  the  slowest  grains* 

This  relation  of  various  minerals  may  be  expressed  approximately  by  means 
nf  free  settling  ratios,  that  is,  the  ratios  of  the  diameters  of  the  grains  of  dif- 
ferent minerals  which  are  equal  settling.  To  illustrate  this,  the  columns  headed 
•*niameter''  in  Table  261  have  been  taken  from  the  curves  of  fastest  grains  and 
show  the  diameters  of  grains  which  correspond  to  various  velocities.  From  these 
diameters  the  free  settling  ratios  referred  to  quartz  have  been  eomputed  by  divid- 
ing the  diameter  of  the  quartz  succegsively  by  each  of  the  diameters  of  the  other 
minerals  in  the  same  vertical  column.  The  thiwgs  to  be  noticed  in  this  table 
are:  (1)  that  the  ratios  increase  as  the  specific  gravity  of  the  mineral  increases, 
(2)  that  the  ratio  increases  with  each  mineral  as  the  size  of  grains  increases,  (3) 
that  the  ratios  for  the  lighter  minerals  are  larger  than,  and  those  for  the  heavier 
minerals  are  smaller  than  the  ratios  given  in  the  last  column,  which  are  calcu- 
lated by  substituting  the  proper  values  for  specific  gravity  and  diameters  in 
Bittinger's  formula  as  given  in  §  358, 


LE    261. — DIAMETERS    C0RRE8P0XDIXO    TO    VARIOFS    VELOCTTTES    OP    FALL    OF 
FASTEST  GRAINS  AND  RATIOS   FOR  OBTAINING  THE  DIA^fETEK  OF  QUARTZ 
WHICH   WILL   BE  EQUAL  SETTLING   WITH   THE   MINERAL   SPECIFIED. 
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g  357,  TifBULAB  Classifier  Investigation. — As  a  chwk  upon  the  work  just 

k-en  and  as  a  Tneans  of  preparing  a  perfect  set  of  sorted  proiliHlg  for  the  invcsti- 
ition  of  sizing  upon  a  surface,  the  following  apparatus  was  dcBigned  and  tests 
liade: 

The  tubular  clat^sifier  (sec  Fig.  288),  wa.s  fed  with  hydraulic  water  at  ?  at  a 
instant  rate,  admitted  by  a  dial-cock,  at  constant  pressure,  guaranteed  by  an 
verflow  column-pipe  to  give  congfant  head.     Thi,<i  papgcs  up  and  overflows?  at  i, 

any  dcs^ircd  ejieed*  If  k  be  the  average  area  in  square  millimeters  of  the  tube 
'J^  then  the  milligrams  or  cubic  millimeters  /  of  water  delivered  per  minute  at  i, 
rivGtbe  upward  velocity  m  of  the  water  in  milliraeters  per 
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The  same  result  may  be  obtained  in  inches  per  minute  by  weighing  the  water 
in  pounds  as  follows :  The  pounds  of  water  at  62**F.,  p,  deliveiea  per  minute  at 
i,  multiplied  by  27.712,  gives  cubic  inches,  and  this  product  divided  by  the  area 
r  in  square  inches  gives  the  ascending  velocity  s  in  inches  per  minute. 

27.712  o 
r 

The  sorted  products,  for  example  of  quartz  and  galena,  were  obtained  by  feed- 
ing at  a,  in  very  small  quantities  at  a  time,  mixed 
grains  of  these  minerals,  which  had  passed  through 
a  limiting  sieve  of  10  meshes  to  the  linear  inch  with 
2.108-mm.  holes,  and  therefore  contained  grains  of  both 
minerals  ranging  from  that  size  down  to  dust.    The 
quantity  of  sand  fed  was  so  small  that  the  volume  of 
sand  in  the  tube  at  any  given  time  was  far  less  than 
^V  that  of  the  water.     The  grains  became  subject  to  the 
action  of  the  current  at  h.     If  they  were  light  enough 
to  rise  in  the  current  flowing  at  any  given  time  they 
were  discharged  at  t.     If  heavy  enough  to  fall,  they 
passed  down  to  the  bulb  g.    The  rising  portion  c  of 
the  tube  is  305  nmi.  long,  to  give  a  heavy  grain  that 
distance  to  repent  and  return.     The  falling  portion  4 
of  the  tube  is  also  305  mm.  long,  to  give  a  light  grain 
the  same  opportunity.     A  rotary  motion   is  given  to 
the  water  in  d,  to  prevent  a  downw^d  current  on  one 
side  and  an  excess  of  upward  current  on  the  other.    If 
the  mixed  quartz  and  galena  is  fed  slowly,  so  that  "free 
settling''  conditions  prevail,  while  the  water  is  rising 
— for  example,  40  millimeters  per  second — it  yields 
two   products:    the   overflow   grains   which    rise  in  a 
40-mni.  current ;  the  bulb-grains  which  fall  in  the  same 
current.     If,  now,  the  above  bulb-grains  are  fed  to  the 
tube  when  the  water  is  rising  50  mm.  per  second,  it 
again  yields  two  products:  overflow  grains  which  rise 
in  a  SO-nim.  current ;  and  bulb-grains  which  fall  in  the 
same  current.     This  second  overflow  is  defined  as  con- 
sisting of  grains  of  quartz  and  galena  which,  under 
free-settling  conditions,  fall  in  a  40-mm.  current  and 
rise  in  a  50-mm.  current,  and  is  called  a  sand  sort  or 
a  slime  sort,  according  to  the  size  of  grains  it  con- 
tains. 
To  obtain  a  complete  set  of  products,  as  perfectly  defined  as  the  above,  the 
water  current  was  rated  at  frequent  intervals  all  the  way  from  0.0496  inches 
(1.261  mm.)  per  second  to  7.8259  inches,  (198.777  mm.)  per  second.    And  to 
obtain  further  information,  the  length  and  width  of  each  of  ten  grains  of  quarte 
and  also  of  galena  were  measured  by  microscope-micrometer  for  each  product 
The  average  of  the  ten  measures  of  length  and  of  width   (twenty  in  all),  i* 
called  the  average  diameter  of  the  grains.     The  thickness  was  not  obtained. 
These  figures  are  given  in  metric  measures  in  Table  262  together  with  the  ratio 
of  the  average  diameters  of  quartz  and  galena.     Tlie  specific  gravity  of  the  quarb 
is  2.640  and  that  of  Iho  galena  is  7.586.     The  second  part  of  the  table  shows  the 
results  of  similar  oxperinienls  made  with  quartz  and  chalcopyrite,  whose  specific 
gravity  was  4.167.     This  table  brings  out  to  a  more  marked  degree  than  the 
previous  work,  the  fact  that  the  free  settling  ratio  of  the  quartz  and  galena  is 
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TABLB  2^2. — DIAMETEHS  OF  QUARTZ  AND  OALEKA  PARTICLES  AND  OF  QUAHTZ  AKD 

OHALCOPYBITE    PABTICLES    WHICH    ARE    EQUAL    SETTLING    IN    THE 

trPWARD  CURRENTS  SPECIFIED, 
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(o)  XlinBe  Aver«ffei  bAVe  leas  value  tbaa  tlie  oihert,  becauae  tbe  diameters  in  this  caae  raiige  down  to  0. 

VQT  than  that  given  by  Bittinger's  formula  and  is  a  variable,  being  smaller  for 
Eier  sizes.  The  results  on  ehalcopyrile  and  quartz  otft*r  eimilar  evidence  to 
boi«e  on  galena  and  quartz. 

*  Further  comparison  with  the  curves  of  the  fastest  and  slowei^t  grains  of  Fig, 
87  fihowe  that  these  average  figures  lie  about  three-fourths  of  the  distance  from 
fa'itegt  to  the  slowest,  instead  of  only  one-third,  which,  as  previou.sly  stated, 
M  the  impression  received  by  the  eye.     This  discrepancy  is  probably  due  to 
3  in  the  nature  of  the  two  methods  of  measuring  tbe  grains.     In  the 
}i  :,  the  diameter  of  the  grains  was  taken  as  the  average  of  the  diameters 

^  a  square  hole  through  which  they  were  just  able  to  pass,  and  a  square  hole 
^rougn  which  they  just  failed  to  pass.  In  the  later  work,  the  diameter  of  the 
ijna  was  taken  as  the  average  of  the  length  and  width  of  several  individual 
litiii  aa  they  lay  in  the  field  of  a  microscope.  It  is  clear  that  the  taking  of  aver- 
o£  length  and  width  gives  too  high  result  for  comparison  with  the  sifting 
,  as  it  is  the  width  which,  as  a  ruTe,  detennines  whether  or  not  the  particle 
BS8  through  a  given  sized  hole.  It  was  found  by  taking  averages  of  widths 
ftd  of  both  lengths  and  widths,  that  instead  of  being  three-fourths,  the 
a^  curve  is  about  two-fifths  (not  quite  down  to  one-third)  of  the  way  from 
the  fa:«test  to  the  slowest  curves.  This  verifies  again  the  former  work.  It 
should  be  noted  that  th«  specific  gravity  of  chalcopyrite  is  only  slightly  greater 
than  that  of  sphalerite,  and  hence  it  would  be  presumed  that  the  average  figures 
'  chalcopyrite  would  be  slightly  less  than  three- fourths  of  the  way  from  the 
ie^t  to  the  slowest  of  sphalerite.  Inspection  shows  that  this  is  true,  three- 
Ihs  heir       "  '     "     m. 

1^35^.   ^  ABOLic  Formula. — Formulas  for  the  rate  of  settling 

^par  wuUr  Ii  •  derived  by  Rittinger,  Wagonpr  and  others.     The 

inittJi.  ml'»  f>^  '•  ^  whicli  has  Ih'CU  most  generally  accepted  by  other 

author*  and  which  will  be  taken  up  first,  does  not,  os  he  laniseif  a^^koowledges, 
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hannonize  with  the  facts  observed  upon  small  grains.  The  principle  of  the  com- 
putation is  to  equate  the  force  of  gravity  against  the  resistances  which  the  falling 
particles  have  to  overcome.  For  free  settling  particles,  he  gives  in  his  treatise 
three  formulas  to  represent  the  relation  between  the  diameter  of  the  grains 
and  the  rate  of  falling  in  water  for  irregular  shaped  grains : 

V=2.73  4/  D  (5 1)  for  roundish  grains, 

V=2.44  4/  D  (5 1)  for  average  grains, 

V=1.92  4/  D  {S 1)  for  flattish  grains, 

in  which  V  is  the  velocity  in  meters  per  second ;  D  the  diameter  of  the  partideB 
in  meters ;  and  *  is  the  specific  gravity  of  the  mineral. 

From  the  formula  for  the  average  grains,  he  computes  the  ratio  of  the  diameters 
of  quartz  and  galena  particles  that  will  be  equal  settling  in  water.  Taking  the 
specific  gravities  as  given  in  Table  257,  for  quartz,  2.640,  and  for  galena,  7.586, 
and  using  his  formula  for  the  average  grain,  we  should  have : 

for  quartz,  V^^S.DSSG  DiXl.64, 

for  galena,  V2=:5.9536  D.xe.SSG, 
where  D^  is  the  diameter  of  the  grain  of  quartz  and  Dj  is  the  diameter  of  the 
grain  of  galena.     For  equal-settling  particles,  we  equate  the  two  values  of  V*, 
and  deduce: 

This  is  the  method  of  calculating  the  diameter  ratios  or  Eittinger^s  multipliers 
for  various  minerals  referred  to  quartz  which  have  been  given  already  in  Table 
261. 

The  formula  given  by  Rittinger  is  that  of  a  parabola,  which  for  average 
particles  may  be  written: 

V*  V 

rr-=2.44(<5 — 1),  or  *^=C=a  constant  for  each  mineral. 

Referring  to  the  curve  of  fastest  grains,  the  velocity  of  1-mm.  galena  is  352  nun 
per  second.    Then  the  value  of  C  in  this  case  is : 

35^=123,904. 

Having  obtained  the  value  of  C,  the  various  values  of  V  may  be  found  by  snb- 
stituting  various  values  for  D  in  the  equation    ^jt=123,904.     In  the  same  way 

a  value  of  C  is  found  from  the  curve  of  slowest  grains  of  galena,  as 

234X234     ^,  „^^ 
=54,756 

and  from  this  the  various  values  of  V  for  the  slowest  grains.  In  Fig.  289, 
a  and  b  are  the  actual  and  computed  curves  respectively  for  the  slowest  grains 
of  galena;  c  and  d  are  the  same  for  the  fastest  grains.  It  will  be  seen 
that  the  actual  and  computed  curves  have  extremely  few  points  in  common- 
Similar  formulas  have  been  calculated  and  curves  plotted  for  all  the  minerals 
examined,  with  practically  the  same  results.  This  proves  that  the  parabolic 
formula  is  not  true  for  small  particles.  The  fact  that  the  parabolic  formula 
does  not  apply  to  the  slowest  grains  is  evident  from  an  inspection  of  the  actual 
curve  a  of  slowest  grains,  in  Fig.  289,  as  it  clearly  reverses  its  direction  of 
curvature  as  it  approaches  the  origin  of  coordinates. 
§  359.  Wagoner's  Formula. — Luther  Wagoner,  after  an  elaborate  series  of 
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^Hipenmeiits  upon  grains  below  1  mm.  in  diameter,  finds  that  the  parabolic       1 
^BDrmuIa  does  not  apply  and  concludes  that  the  discrepancy  is  due  to  the  fact       H 
^^lat  Rittinger's  formula  did  not  take  into  account:   (a)  the  adhesion  of  the       H 
r     molecules  of  liquid  to  each  other,  {h)  the  adhesion  of  the  liquid  to  the  immersed        H 
b^ody,  and  {c)  the  temperature.     The  force  [h)  causes  the  moving  particle  to       H 
^Have  a  skin  of  water  adhering  to  it.     The  force  (a)  opposes  {h)  and  cuts  the       H 
^■dn  of  water  down  to  a  constant  miuimum  thicknesa  for  each  velocity.    If  with       H 
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^^H                                                                            VolodttM  in  nun,  per  BoeoDil                                                                                 ^^^H 

^^K            Fia  289.— ACTUAL  and  computed  curves  of  fall.                     ^^I 

^B^Ten  velocity,  the  skin  of  water  is  2  mm.  thick,  then  a  cube  of  quartz  20  mm,       H 
^■p  diameter  will  be  much  less  affected  by  it  than  one  which  is  1  mra,  in  diameter;       H 
^Kr  in  the  first  case,  the  one  volume  of  quartz  will  be  accompanied  by  only  0.73       ■ 
^M>Iumes  of  water,  while  in  the  secoud  case  one  volume  of  quartz  will  drag  along       H 
^frith  it  124  volumes  of  water.     But  the  discrepancy  is  still  greater,  for  the  larger        H 
^cube  falls  with  a  much  greater  velocity,  which  tears  of?  more  of  the  water  skin.           H 
L         The  formulas  derived  by  Wagoner  in  this  early  paper,  conforming  to  the  re-        H 
^Bersed  curve,  are  not  here  given,  because  they  were  based  upon  a  different  scheme        H 
^Bf  measuring  the  size  of  grains.     He  has,  however,  by  using  the  author^s  figures,        H 
f    derived  a  formula  for  slowest  grains,  expressing  the  relations  between  the  diameter        fl 
^^d  rate  of  fall  of  the  particles  as  follows :                                                               ^^H 

^Bhen^  V  is  velocity  in  mm.  per  second ;  D  is  the  diameter  of  the  particle  in  mm.       V 
^Kd  a,  h  and  c  are  constants  for  each  specific  gravity,  having  values  as  shown  in       H 
^Habte  263,     He  points  out  that  the  mean  value  of  (a-j-6)  is  1.4156,  which  is       ■ 
^Bl             lual  to  VS,  but  is  unable  to  explain  it;  and  further  states  that  if  the        V 
^K              of  form,  surface  and  weight  to  the  diameter  were  kno\\Ti,  a  more  perfect        H 
^Krmula  might  U:  derived.     It  .^honld  he  noted  Mint  in  all  his  work,  Wagoner  baa        ■ 
^^pnplv  dealt  with  the  author's  figures  on  slowest  grains.                                              H 
^■^i^aBO.  INVK8TT0AT1OK8  ON   FiXE  Grainr. — On   moderately  fine  grains  1\\<^       ■ 
Hkld  doos  not  mem  to  have  been  so  thoroughly  exp\otfeA.    Ta^  ^\i!CcNSix'%  ^-s^tv-    ■ 
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ments  in  no  case  extended  below  0.01  mm.  and  in  most  cases  not  below  0.1  mm. 
From  this  point  down  until  the  finest  particles  are  reached,  the  aiithor  is  nnable 
to  give  any  accurate  figures  showing  the  rate  of  settling.  Figures  which  are 
probably  approximately  true  may  be  obtained  by  extending  the  lower  ends  of  the 


TABLB  263. — VALUES 

OP  THE  CONSTANTS  IN  WAGONER'S  FORMULA. 

Minerals. 

Speciflc 
Gravity 

c. 

a. 

6. 

o+ft. 

Minerals. 

Speciflc 
Gravity 

c 

a. 

5. 

a+6. 

§2f£S.-.::::: 

Wolframite.. 
Antimony. ... 

8.47« 
7.586 
6.887 
6.706 

187.6 
283.0 
a06.5 
191.4 

1.0680 
1.0770 
0.90S4 
0.8799 

0.8510 
0.8220 
0.4887 
0.5486 

1.4140 

i.aoyo 

1.8921 
1.4284 

Chalcodto... 
PyrrhoUte.. 

QuarU 

Anthracite.. 

6.884 
4.606 
2.640 
1.478 

140.6 
140.1 
100.4 
96.86 

0.6896 
0.5248 
0.9080 
0.7816 

0.7909 
0.9159 
0.51U5 
0.6987 

1.42«» 
1.4407 
1.4123 
1.4088 

curves  for  fastest  and  slowest  grains  in  Fig.  287,  it  being  assumed  that  all  the 
curves  started  from  the  origin  of  coordinates.  For  want  of  definite  evidence, 
however,  it  seemed  best  not  to  do  this,  as  later  experiments  may  prove  that  the 
curves  do  not  continue  regularly  to  the  origin. 

On  the  behavior  of  finest  grains,  which  are  for  the  most  part  below  the  range 
of  microscopic  measurement,  that  is,  below  0.00025  mm.,  several  investigations 
have  been  made.  These  have  been  done  more  from  the  standpoint  of  the  geol- 
ogist, to  determine  the  laws  of  sedimentation,  than  from  that  of  the  ore  dresser. 
The  grains  are  probably  finer  than  any  that  the  ore  dresser  will  have  to  consider, 
but  the  author  has  thought  it  best  to  give  an  outline  of  the  more  important  work 
done,  in  order  that  the  reader  may  understand  the  new  forces  that  come  into  play 
in  the  settling  of  such  small  grains. 

J.  Thoulet*®  finds  after  experimenting  on  kaolin  and  foraminifersB  (chalk 
fossils),  which  were  so  fine  that  they  were  not  discernible  under  the  microscope, 
that  very  fine  particles  settle  at  a  practically  uniform  rate  in  the  same  ratio  as 
the  difference  of  density  between  the  solid  and  liquid;  that  at  and  below  23°C. 
fine  particles  remain  suspended  indefinitely  in  distilled  water;  that  above  23*^0. 
the  rate  of  settling  in  distilled  water  increases  with  the  temperature;  that 
pressure,  up  to  12  atmospheres,  has  no  effect  upon  settling  fine  particles. 

Dr.  Barus^^^  finds  in  regard  to  the  rate  of  settling  of  clay  and  tripolite  particles 
of  perhaps  0.00005  mm.  diameter  and  less,  that  some  may  be  so  fine  as  to  be 
held  up  for  years;  that  the  velocity  of  settling  has  no  relation  to  the  viscosity 
of  the  liquid;  that  they  settle  much  more  rapidly  at  100°C.  than  at  0°C.;  that 
they  settle  much  more  rapidly  in  solutions  of  acids  and  salts,  and  in  stronger 
than  in  weaker  solutions.  In  an  opaque  mixture  where  the  particles  are  nearer 
together,  they  settle  faster  than  in  a  translucent  mixture.  For  particles,  the 
diameter  of  which  was  estimated  to  be  about  0.0002  mm.,  the  velocity  of  settling 
in  distilled  water  at  15°C.  was  0.0000278  mm.  per  second  and  at  100*'C.  0.000556 
mm.  per  second. 

Some  experimental  results  showing  the  effect  of  salts  and  acids  upon  the  rate 
of  settling  are  given  under  "Testing^*  in  Chapter  XXI. 

§  361.  Classification  by  Free  Settling. — The  practical  application  of  the 
principles  of  free  settling  for  the  purpose  of  obtaining  a  set  of  sorted  products, 
may  be  understood  by  referring  to  Fig.  290,  which  represents  the  relative  posi- 
tions in  vertical  columns  of  particles  of  two  specific  gravities,  ranging  from  a 
maximum  diameter  to  dust,  that  were  started  at  the  same  level  and  have  all  fallen 
the  same  length  of  time.  In  each  case  the  diameters  increase  downward,  but 
the  largest  grain  of  the  heavier  mineral,  for  example,  galena,  has  fallen  much 
farther  than  the  largest  grain  of  the  light  mineral,  for  example,  quartz. 

Tlio  distances  these  particles  have  fallen  in  a  unit  of  time,  may  also  represent 
velocities,  that  is  to  say,  the  velocity  of  a  rising  current  that  will  just  lift  them. 
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be  grains  above  g  will  all  Ik?  lifted  l»y  a  current  ag  in  velocity;  the  grains  above 
"vill  all  be  lifted  by  a  eun-ent  ae  in  velocity;  the  grains  above  d  will  all  be 

lifted  by  a  current  ad  in  velocity;  the  grains 
above  c  will  all  be  lifted  by  a  current  ac  in 
velocity;  the  grains  above  h  will  all  bc^  lifted 
by  a  current  ah  in  velocity.  If  then^  the 
grains  be  first  submitted  to  a  current  ae, 
second  to  ad,  third  to  ac  and  fourth  to  ah, 
we  shall  get  five  products,  the  grains  eg,  de, 
cd  and  he,  which  settle  in  th»?  four  currents 
respectively,  and  the  grains  ah,  which  rise  in 
the  last  current. 

We  further  notice  that  the  three  products 
he,  cd  and  de  are  true  sorted  products.     The 

1^^  .    .      galena    is   always   much   smaller   than    the 

O  9  /^      quartz  in  each  case,  and  we  notice  that  this 

O  y  vJ      is  not  the  case  in  eg  or  in  ah,  the  two  end 

O  ^  /^      products,  neither  of  which  is  a  truly  sorted 

O  ^         px^      product.     The  product  ah,  differs  soslightly 

O  ^         Q_J       that  it  is  usually  treated  as  a  sorted  product, 

U  O  but  ef  is  totally  different  and  requires  trcat- 

O  Q  ment  adapted  to  its  peculiar  constitution. 

O  r^  We  may  still  further  note  that  if  instead 

O  r^  of  the  current  ae,  the  current  af  was  used 

Q  vJ^  first,  then  only  pure  galena  w^ould  be  found 

Q  (3  i^  tl^G*  product  that  settled  in  this  current, 

S^         i^  This   method    commends    itself   where    the 

vJ         v-/  heavy    mineral    is    of    very    high    specific 

Q  gravity,  or  where  the  gangue  is  in  very  small 

/^  per  cent.     D.  W.  B  run  ton  reports  that,  using 

^^  a  cone  hydraulic  clasFifier   (sf^  Fi^.   21C^), 

Qj  with  three  cones,  fed  by  material  which  had 

/^  passed   through   a   SO-mesh   screen,   he   ob- 

v^  tained  a  first  spigot  product  as  rich  as  the 

(j  best  jig  concentrates.     In  some  of  the  Lake 

Superior  copper  mills  a  highly  concentrated 
product  is  obtained  in  this  wfiy  (see  Mill  48 
in  §  306).     Likewise  in  a  chromite  mill  in 
Newfoundland  the  first  spigot  of  the  classi- 
fier yields  the  best  product  in  the  mill  and 
amount  forms  a  considerable  proportion  of  the  total  concentrates.     Mill  5 
recently  put  in  a  hydraulic  classifier  (s<*e  Figs,  244/  to  244//.)  to  treat  all 
tailings  of  the  mill  below  0.17  inch  (4.32  mm.)  which,  formerly  went  to 
$te.     They  report  a  considerable  saving  of  good  concentrates. 
Tig,  290  also  illustrates  the  relations  of  arsenopyrite  and  quartz^  and  blende 
quartz. 
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Watkh- 

^»  Bilhnr/,  O.,    ( 180ft}.  '*Moeh.  Aiifboreitutig/*  Vol.  I.,  pp,   11,  43,  57,  85.    Theory  of 
^B         frt*p  Hi'tUin^.     nilhitr^E  bydruulic  clasBificr.     Siphon  sepnrator.     Altenberg  clESsifier. 

«.  C«lloij,  J.,  f  iHHen.  "Mininjr."  VoK  TH.,  [ip,  47.  58.  Theory  of  free  BtttUnf?.  Laby- 
rititb.  I^oiutcd  tniJCCfi.  Engie,  Thirion  dod  Dorr  byclmulic  claasillerii.  Kipbort 
sirparator. 
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8.  Charleton,  A.  Q.,  (1884),  'Tin  Mining,"  pp.  16,  53,  69.    Lal^ntli.    Pointed  bOBL 
4.  Davies,  D.  C,  (1886),  "Metel.  Min.  and  Mining,"  p.  363.    Free  settling  veloeitMa. 
6.  DaTies,  £.  H.,  (1894),  "Mach.  Metel.  Mines,"  p.  265.    Free  settling  veloeitiei.    S^ 
draulic  classifier.    Pointed  boxes. 

6.  Eissler,  M.,  (1896),  "Metellurgy  Gold,"  p.  152.    Pointed  boxes.    SmtsOutte. 

7.  Eissler,  M.,    (1891),  '^Metallurgy  Silver?'   pp.   225,  229.    Theory.    Pointed 

Bpitzlutte.    Cone  classifier. 

8.  Foster,  C.  LeN.,  (1894),  '*Ore  and  Stone  Mining,"  p.  568.    Free  settling  TelodtiM. 

Pointed  boxes.    Cone  classifier.    Lockhart's  tubular  classifier.    Siphon  separator. 

9.  Gaetzschmann,  M.  F.,    (1872),  '^ufbereitung,"  VoL  II.,  p.  210.    Many  ioniis  fA 

classifiers. 

10.  Goupillidre,  Haton  de  la,   (1885).  "Exploitation  des  Mines,"  Vol.  II.,  pp.  725,  761, 

769.     Theory.     Siphon  separator.     Dor  and  BUttgenboch  hydraulus   daidfiai. 
Pointed  boxes. 

11.  Hunt,  R.,  (1884),  "British  Mining,"  pp.  706,  748.    Theory.    Pointed  boxes.    BJodge% 

classifier.    0)ne  classifier. 

12.  Kirschner,  L.,  (1899),  '"Erzaufbereitung,"  Part  II.,  p.  47.    Pointed  boxes.    ApfMiUfa 
18.  Kunhardt,  W.  B.,   (1893),  "Ore  Dressing,"  pp.  43,  58.    Siphon  separator.    Poiiited 

boxes.    Bpitzlutte, 

14.  Lamprecht,  K.,  (1888),  "Rohlenaufbereitung,"  p.  63.    Several  classifiers  for  oosL 

15.  Linkenbach,  C,    (1887),  "Aufbereitung  dcr  Erze,"  p.  72.    Theory.     Pointed  b 

16.  Lock,  A.  G.,  (1882),  "Gold."  p.  1064.    Labyrinth.    Pointed  boxes.    SpiMiUte. 

17.  Louis,  H.,  (1894),  "Gold  Milling,"  p.  327.     Pointed  boxes. 

18.  Rittinger,  P.  R.  von,  (1867),  "Aufbereitungskunde,"  pp.  165,  325.    Theory.    FoiBted 

boxes.    Bpitzlutte.    Runs. 

19.  Ibid.,   (1870),  "Erster  Nachtrag."  p.  18.    Theory. 

20.  Ibid.,  (1873),  "Zweiter  Nachtrag,"  p.  18.    Bpitzlutte. 

21.  Rose,  T.  K.,  (1894),  "Gold,"  p.  163.    Pointed  boxes. 

22.  Sparre,  J.  von,  (1869),  "Theoric  der  Separation."    Criticism  of  Rittinger's  theory. 
28.  Ulzer,  F.  and  Fraenkel,  A.,  (1898),  "Chem.  Tech.  Analysis,"  p.  48.    SchOne's  labnlar 

classifier  for  the  mechanical  analysis  of  clays. 


24.  Am.  Inst.  Min.  Eng.,  Vol.  V.,  (1877),  pp.  593,  604.    C.  M.  Rolker.    Description  of 

hog  trough  ciussitier  used  at  Lake  Superior  with  dimensions,  capacity  and  water 
used. 

25.  Ibid.,  Vol.  VI.,   (1877),  p.  483.    J.  C.  F.  Randolph.    Dimensions  of  pointed  boxes 

used  at  Clausthal. 

26.  Ibid.,  Vol.  VIII.,    (1880),  p.  433.    H.  S.  Munroe.    Description  and  dimensions  of 

old  Lake  Superior  hog  trough  classifier  with  figures  on  capacity  and  water  used  try 
each  division. 

27.  Ibid.,  Vol.  IX.,  (1881),  p.  318.    R.  H.  Richards.    Description  of  small,  experimental 

apitzlutte  with  results  obtained  therewith. 

28.  Ibid.,  pp.  437,  438.    Ellis  Clark,  Jr.    Dimensions  of  pointed  boxes  and  description 

of  Rittinger  apitzlutte  used  at  Przibram. 

29.  Ibid.,  Vol.  XL,    (1883),  p.  231.    R.  U.  Richards.    Description  and  advantages  ot 
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CHAPTER  Xlll. 

HAND  PICKING. 

Final  Separators,  which  ineludo  hand  picking,  jigs,  vanners,  slime  tables, 
magnetic  separators,  etc.,  are  treated  in  Chapters  XIII.  to  XVIII.  inclusive. 

§  362.  Hand  Picking  is  the  process  of  separating  into  classes^  by  hand,  ores 
that  have  already  been  broken.  It  is  of  service  in  many  ways.  It  saves  rich 
ore  from  being  crushed  and  made  into  slimes.  It  saves  the  expense  of  dressing 
(and  in  some  cases  also  of  shipping)  waste  rock,  and  at  the  same  time  increases 
the  virtual  capacity  of  the  mill.  In  this  connection  it  is  especially  applicable 
to  ores  that  occur  in  such  narrow  veins  that  considerable  country  rock  has  to 
be  mined  with  them.  The  picking  out  of  wood,  rope  ends,  etc.,  is  sometimes 
adopted  to  rid  the  following  screens,  spigot  discharges,  etc.,  of  those  trouble- 
some stoppages  that  cause  so  much  derangement  of  mill  work.  Picking  is  often 
advantageous  as  relieving  the  concentrating  machines  of  some  of  their  most 
difficult  work,  for  example,  blende  may  be  picked  from  chalcopyrite,  barite 
from  blende,  etc.  In  either  of  these  cases  the  two  minerals  are  so  nearly  equal 
in  specific  gravity  that  they  cannot  be  separated  by  the  concentrating  machines. 
In  like  manner,  two  grades  of  concentrating  ore  may  be  made,  one  of  which  is 
easy  and  the  other  difficult  to  concentrate,  or  one  of  which  has  one  mineral 
prominent,  and  the  other  another.  In  Mill  17,  zinc  ore  is  picked  from  lead 
ore,  each  going  to  its  own  department  for  concentration. 

Sledging  and  Spalling. — When  the  large  lumps  of  mine  ore  are  broken  by 
hammers  weighing  say  10  pounds  or  more,  the  operation  is  called  sledging, 
whether  the  product  is  hand  picked  or  not.  When  ore  that  has  already  been 
selected  is  broken  down  to  2-  or  2^-inch  cubes  by  two-hand  long  handled  ham- 
mers weighing  from  2  to  5  pounds,  the  operation  is  called  spalling,  whether  or 
not  the  product  is  hand  picked.  It  will  be  seen  from  Tables  264  and  265  that 
sledging  or  spalling  accompanies  hand  picking  on  the  picking  floors  of  rock 
houses  of  Mills  5,  13,  14,  17,  46,  47  and  48. 

Cobbing  consists  in  hand  picking  accompanied  by  breaking  with  a  one-hand 
hammer  weighing  2  to  4  pounds.  As  a  rule,  the  ore  should  be  already  broken 
as  small  as  4  inches  in  diameter.  The  richer  the  valuable  mineral,  and  the 
more  easily  and  cleanly  it  cleaves  from  the  waste,  the  stronger  will  be  the  argu- 
ment for  cobbing,  since  it  produces  cleaner  products  than  machine  work,  and 
causes  less  loss  by  sliming.  It  will  naturally  produce  cleaner  products  than 
spalling.  Linkenbach  says  that  a  strong  boy  can  cob  165  pounds  (75  kilos) 
of  ordinary  sulphide  ore  per  hour,  making  6%  of  fines.  At  a  mine  in  Saxony, 
cobbing  set  aside  25%  of  the  material  from  further  treatment."  Cobbing  is 
used  in  Mill  27,  but  as  a  rule  it  is  not  found  in  the  mills  of  this  country. 

Hand  Picking  Accompanied  by  Sledging. — In  regions  where  labor  is  not 
too  expensive,  hand  picking  with  sledging  may  be  resorted  to  with  great  advan- 
tage, saving  the  expense  of  crushing  and  washing  the  richer  ore,  and  avoiding 
the  loss  in  slimes ;  and  in  regions  where  ore  is  rich  and  concentration  by  machines 
is  unavailable,  hand  picking  with  sledging  must  be  used.  On  the  other  hand, 
in  localities  where  the  price  of  labor  is  high,  and  mill  work  is  available,  the 
tendency  iB  to  abolish  the  eledge  almost  entirdy^  and  to  use  large  breakeiSy  but 
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the  advantage  uf  harul  picking  may.  f^till  be  retained;  while  the  ore  is  being  fed 
to  the  bill,  the  rock  breaker,  the  roMs  or  the  litamps.  This  form  of  hand  pick- 
ing cost^  BO  little  per  ton  of  picked  ore  produced,  and  the  yield  can  be  so  easily 
compared  with  the  cost  of  getting  Tt,  that  it  is  commending  itself  to  mill  men ; 
for  example,  Mills  30,  31,  4^,  44,  46  and  48. 

General  Considerations. — Some  systematic  method  must  be  provided  of 
bringing  the  materials  to,  and  removing  them  from  the  pickers,  so  as  to  avoid 
wasting  their  time  and  energy. 
The  work  of  picking  should  be  inspected  to  see  that  it  is  properly  done. 
The  keener  sight  of  boya  makes  them  better  pickers  than  men,  but  the  latter 
are  required  for  inspection  and  responsibility  and  for  the  heavy  .sledging  and 
^palling.  The  spalling  floor  and  the  hand  picking  house  should  both  be  well 
ighted.  If  hand  picking  must  be  done  at  night,  electric  lights  are  to  be  pre- 
"erred.  The  natural  colors  of  the  minerals  show  better  by  the  light  of  the  arc 
imp  than  by  other  artificial  lights.  Picking  by  night,  however,  is  undesirable 
and  should  not  be  resorted  to  if  it  can  be  avoided. 

In  most  eases  picking  will  be  best  done  upon  rock  freshly  rinsed  with  water. 
^his  brings  out  the  colors  of  the  minerals  to  the  best  advantage,  and  it  also 
iys  the  dust.  Cases  often  occur,  how^ever,  where  washing  preparatory  to  pick- 
Qg  is  impracticable. 
The  fines  are  usually  screened  out  before  hand  picking,  and  sometimes  the 
oarser  part  is  divided  into  two  clashes.  The  more  nearly  uniform  the  size  of 
lie  ore  particles,  the  easier  is  the  work. 

§  363.  Hand  picking  may  be  considered  in  the  order  of  the  plaoea  where  it 
is  done,  namely,  in  the  mine,  at  the  rock  house,  or  in  the  milh 

Picking  in  the  Mine. — ^Under  this  heading  may  be  included  several  different 
ieas,  as  follows: 

Waste  for  Stowing, — ^The  separation  of  easily  distinguishable  barren  rock 
from  ore,  to  save  the  cost  of  hoisting  and  to  make  filling  for  the  mine,  may  be 
adopted,  but  it  does  not  appear  to  be  much  favored  in  this  country,  probably 
1  account  of  the  losses  of  ore  which  occur,  owing  to  poor  light,  limited  space 
ad  the  difficulty  of  inspection.  In  Mine  24,  however,  25  to  50%  of  the  rock 
token  is  left  in  the  mine  as  refuse.  In  Mine  12  a  small  amount  of  refuse, 
aounting  to  30  tons  a  year  from  a  daily  product  of  100  tons,  is  picked  out 
^nd  left  in  the  mine.  In  Mine  93  a  little  limestone  is  picked  out  in  the  open 
cut  At  Idria,  Austria,  where  the  dressing  is  wholly  by  hand,  with  65,000  to 
70,000  tons  of  quicksilver  ore  hoisted  per  year,  3,600  to  4,000  tons  of  waste 
nKtk  are  left  in  the  mine  by  hand  picking.*' 

Bich  Ore  for  Economt/,—P\iTe,  soft  ores  that  are  easily  recognizable,  for 
aple  galena,  may  be  selected  in  the  mine,  to  minimize  the  losses  due  to  attri- 
Thifi  is  done  at  Mines  26,  30,  31,  35,  54,  83  and  87.     In  Mine  31  this 
rork  yields  about  2%,  and  in  Mine  35  about  25%  of  smelting  ore. 

At  Friedrichssegen,  Ehenish  Prussia,  sloping  gratings  with  50-mm.  square 

holes  are  placed  in  the  ore  chutes  at  all  of  the  workings  in  the  mine.     As  the 

_are  passes  over  the  gratings,  clean  galena,  blende,  siderite  and  copper  ore  are 

~  eked  out.     The  system  is  made  a  success  by  the  payment  of  small  bonuses.** 

18  not  uncommon,  in  Europe,  for  the  miner  to  receive  a  slight  premium  for 

blected  ore,  but  this  premium  is  not  so  large  that  he  is  tempted  to  devote  any 

"  hi*  lime  to  spalling  or  true  dressing  to  the  neglect  of  mining.* 

Bhch  kSystem, — The  valuable  and  refuse  minertils  may  be  so  distributed  in  a 

line  that  a  species  of  block  system  may  be  adopted,  handling  ores  by  blocks 

or  ma^eess  one  whole  stope  being  sent  to  the  smelter,  another  to  the  milL    Thia 

■-kpted  in  Mines  38  and  42,  and  undoubtedly  in  many  other?. 

eg  of  management,  the  ore  from  various  shaft  %vvJ^^^^  \kh<^  \to- 
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ing  or  stoping  operations  may  be  hoisted  and  stored  separately,  en  route  to  the 
mill  process.  By  this  method,  their  separate  valuation  by  mill  run  approves 
or  condemns  each  section  of  workings  in  the  ordinary  routine  of  business. 
Mines  and  Mills  59,  67  and  77  are  run  upon  this  principle.  Mill  59  is  pro- 
vided with  a  large  receiving  floor.  Three  tracks  are  brought  in,  11  feet  above 
the  floor,  on  trestles.  Under  each  track  are  four  compartments  or  dumping 
heaps,  making  12  heaps  in  all.  Each  heap  is  12  feet  lengthwise  of  the  track 
and  20  feet  wide.  Vertical  plank  partitions  are  placed  across  under  the  tracks 
between  the  heaps,  and  aisles  are  left  6  feet  wide  between  the  heaps  for  wheel- 
ing any  particular  parcel  of  ore  from  its  heap  to  its  stamp  battery,  thus  enabling 
the  mill  run  to  make  a  complete  test  of  the  value  of  the  stope  or  winze  from 
which  the  parcel  of  ore  came.  Mill  67  uses  five  bins  in  a  block  38  feet  long, 
16  feet  wide,  15  feet  deep  in  front,  the  bottom  sloping  up  45**  from  the  front. 
The  five  bins  have  a  total  capacity  of  225  tons.  The  contents  of  each  bin  is 
sent  by  itself  to  the  stamps;  and  a  complete  record  of  the  yield  is  balanced 
against  the  cost  of  mining,  and  tells  the  profit  or  loss  from  the  treatment.  Mill 
77  has,  behind  each  stamp  battery,  a  bin  9  feet  long,  7  feet  wide,  10  feet  deep. 
The  mill  treats  custom  ores,  each  lot  of  which  is  dumped  into  a  particular  bin, 
and  the  ore  from  each  bin  is  treated  separately  throughout,  and  complete  returns 
made  thereof.     This  illustrates  the  method  adopted  in  custom  mills. 

Summary, — In  the  mines  visited,  the  author  finds  mine  sorting  carried  on 
as  follows:  In  Mines  24,  25  and  57  the  ore  is  sorted  into  concentrating  ore  and 
waste;  in  Mines  26,  39  and  87,  the  ore  is  sorted  into  smelting  ore,  concentrat- 
ing ore  and  waste;  in  Mines  1,  30,  31,  35,  40,  41,  54  and  83  the  ore  is  soned 
into  smelting  ore  and  concentrating  ore;  in  the  mine  supplying  Mills  68  and 
82,  the  ore  is  sorted  into  silver  ore  and  gold  ore ;  and  in  Mine  12,  the  ore  is 
sorted  approximately  into  pieces  larger  and  pieces  smaller  than  6-inch  cube  to 
be  treated  separately  in  the  mill.  In  all  of  these  cases  the  different  products  are 
hoisted  separately,  except  as  otherwise  indicated.  The  author  has  no  data  upon 
the  remaining  mines,  as  to  whether  or  not  any  sorting  is  done  below  ground. 

§  364.  Hand  Picking  in  the  Rock  House. — The  rock  house  is  either  an 
addition  to  the  shaft  house,  or  a  separate  building  near  by.  It  generally  has  a 
track  for  bringing  the  ore  to  the  pickers ;  a  grizzly  and  bin  for  screening  out 
and  receiving  the  fines ;  a  picking  floor  or  table  for  sorting  the  oversize  of  the 
grizzly;  and  tracks  for  removing  the  waste,  the  lump  ore  and  the  fines.  The 
material  subjected  to  picking  is  the  oversize  of  the  grizzly;  and  this  work  is 
done  either  on  large  spalling  floors  with  the  aid  of  sledges,  drop  hammers,  etc.; 
on  picking  tables;  on  the  grizzlies;  or  on  both  grizzlies  and  floor. 

Table  264  shows  that  picking  yields  shipping  ore  and  concentrating  ore  in 
1  rock  house;  shipping  ore  and  waste  in  2  rock  houses:  concentrating  ore  and 
waste  in  4  rock  houses;  shipping  ore,  concentrating  ore  and  waste  in  5  rock 
houses.  The  waste  from  the  rock  houses  of  Mills  65,  73  and  74  consists  simply 
of  wood  chips ;  and  as  a  certain  amount  of  gold  adheres  to  these,  they  are  burned 
and  the  ashes  worked  up  to  extract  the  gold.  Some  wood  is  also  picked  out  from 
the  stamp  mortars  of  these  mills  and  treated  in  the  same  way.  In  the  rock 
house  of  Mill  55,  10  to  15%  of  rich  smelting  ore  is  picked  from  the  chute? 
as  the  ore  is  loaded  on  cars.  In  rock  houses  of  Mills  46  and  47  the  quantity  of 
native  copper  picked  out  is,  respectively,  about  8%  and  30%  of  the  total  copper 
product,  and  the  quantity  of  waste  rejected  is,  respectively,  about  12%  and  10% 
of  the  rock  hoisted.  In  the  rock  house  of  Mill  48  about  7%  of  the  rock  hoisted 
is  rejected  by  hand  picking. 

At  most  of  tihe  gold  mines  on  the  Eand,  in  South  Africa,  where  the  ''reef  is 
often  so  narrow  as  to  require  the  mining  of  a  good  deal  of  waste  rock,  conside^ 
able  attention  is  given,  to  removing  barren  quartzite  from  the  ore  as  it  passes 
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FIG.   292. — SIDE  ELEVATION  OF  A  CRIPPLE  OBEEK  BOOK  HOUSB. 


FIG.    293a. — ^END    ELEVATION    OF    COWEN-         FIG.    2936. — SIDE  BUB- 
HOVEN  TUNNEL  CO.'s  ROCK  HOUSE  AT  VATION. 

ASPEN,   COLORADO. 
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or  lump  ore,  and  f  the  track  for  removing  the  fines.    A  Boction  of  a  Cripple 
Creek  roek  house  is  shown  in  Fig.  292.     The  receiving  car  a  has  been  turned 
90^  from  the  direetion  of  the  track  on  which  it  comes  in,  b  is  the  grizzly,  c  the 
bin  for  fines,  d  the  picking  table,  e  the  car  for  removing  lump  ore  or  waste, 
and  /  the  bins  for  the  various  grades  of  lump  ore*     The  rock  house  of  the 
JQowenhoven  Tunnel  Co.,  of  Aspen,  Colorado,  is  shown  in  Figs.  293a  and  2936. 
^Bjg  the  receiving  track,  b  the  grizzly,  c  the  bin  for  tines,  d  the  picking  floor,  e 
^w  track  for  shipping  waste,  and  /  the  track  for  shipping  fines.     These  last 
^Ko  designs  are  by  D.  W.  Brunton.     The  Guston  mine  rock  house,  of  Guston, 
^jolorado»  shown  in  Fig.  294,  is  30X100  feet,    a  is  the  receiving  car,  b  the  pick- 
ing table,  c  the  working  floor  for  barrows,  and  d  an  outside  platform  for  wheel- 
ing waste  to  the  dump  and  ore  to  the  cars.     The  contour  of  the  ground  is 
unfavorable  to  the  shipping  of  ore  from  both  sides,  which  the  design  contemplated. 
H  A  great  variety  of  designi^  is  used.     The  rock  houses  at  the  Lake  Superior 
^Bpper  mines  are  capable  of  handling  very  large  quantities  of  ore. 

"  TABLE    264.^ — HAN^D   PICKING    IN    ROCK    HOUSES. 


•*  Picked. 


Area  of 
Floor  or  Tmble. 


With  or  without 
Spalliafc  oi'  Cobbing 


QuAlJty  of  ProdactB. 


DesttaatloD  of  Producta. 


Ca>8 

<a)l 


[mm 


nooraboqtl8«18ft 


i  Table,  W  tLiZt 
I    feet  1  Inch,     i 


TAble,l£x9feet.^ 

Two  floors,  60z(t  ft. 

}  On  grlttly,  14 

lOoffrijaUy.Tft. 
)     xCfMlftin. 

Fk)or«  70x40  feet . , 

Floor,  68xn  feet. . . 
Floor.  4«W0f^t... 

Chute(f). 

ODKiinlteB,11x-ft 


Wttbipalling... 

Witbout 

WithsiMUlii^.*. 
Without 

Without... 

Without 

With  sledging. 

With  sledging,, 

WfthiledglQg., 

Wlthoat 

Without...-,,,, 

Without,,. 


Pyrite 

8  t^ rite  and  chalcopyrite 
8  Ditto  with  ennrtrtte... . . 

4  Pure  cbalcopynte  and 

quartz. 

5  Arsetiopjrrlte 

«8clitet 

1  Pyrit«iandchalcopjTite 

aSchlst..,. 

1  Clean  ore... 


sepalla. 

3  Waste,. 


1  CIt'Ai]  ore. ...,.,..«..,. 

3  Waftt*^ 

1  Chulcopyrite^    bomit* 

and  p'Darjfite. 

•  Ditto,  with  blende 

S  Concentrating  ore. . . . . 

4  Waste 

1  NuggeU  or  barret  work 

«Mm  rock 

3  Waste -. 


To  Bcid  works. 

To  copper  works. 

To  copper  electrolytic  procest. 

Flux  ore  for  refinery. 

Dumped. 

To  waste  dump. 

To  copper  worKBL 

To  dump. 

To  acid  worki  and  copper  SDMilter, 

To  griwiy,  %  loch. 

To  acid  works  and  copper  smelter. 

To  dump. 

To  copper  smelter. 

To  copper  nn^ter. 

TomilL 
To  dump. 

To  smelter. 
To  breaker. 
For  making  land. 


1  M  a  s  s     copper,   Urge 

Itiixipa. 

9  Lump  rock  . , 

SFlne  stuff 

4  Waste.. .......,,. 

1  L  a  r  g  e     lumps     and 

mass  copper. 
9  Small  mass  copper  .... 

a  Lump  rock , 

iWaste 

1  Nuggets  or  barrel  work 
3  Larjpre  pieces....... — 

3  Lump  rock  ,....,.,..., 

4  Waste .,.,. 

1  Concentrating  rock . . , . 

SWaste 

1  High-grade  ore ....... 

9  Coticpn  traUng  ore . 

Ww)d  chips , , 

8  Concentrating  ore. . .  * , 


To  drop  hammer. 

To  two  sizes  of  breaker. 
To  mill  bin. 
To  dump- 
To  drop  hammer. 

To  steam  hammer 

To  two  aiaes  of  breaker. 

To  dump,  mostly  fit  for  building. 

To  smelter. 

To  drop  hammer. 

To  two  sixes  of  breaker. 

To  dump. 

To  mm  bin. 

To  dump. 

To  smelter. 

To  mm. 

Burned  for  (fold. 
To  breaker. 


{a)  Run  of  mine,  with  ore  finer  than  this  sise  screened  out 


j  365.  Haxd  Picking  in  the  Mill  is  cIotk?  on  chutes,  grizzlies,  tables  or  floors- 

lie  praolico  ir  shown  in  Table  2G5,  from  which  we  see  that  picking  yields  t^nielt- 

ore  and  concentrating  ore  in  8  niillg;  smelting  ore  and  waste  in  5  mills; 

entrating  ore  and  waste  in  4  mills;  and  smelting  ore,  concentrating  ore 

wa«te  ill  4  mills.     In  4  cases  the  waste  consists  simply  of  wood  clxv^,  <^«^ 
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TABLE  266. — HAND  PICKING  IN  THE  MILLS. 


Sises 
Picked. 


Area  of 
Floor  or  Table. 


With  or  without 

Spalling  or 

Cobbinic. 


Quality  of  Products. 


Destlnatioa  of  Frodnota 


6 
19 

18 

IS 

17 

19 

87 
80 
81 
87 
48 

44 

46 

47 
47 

48 

88 
88 


On  the  ground.  < 


(a)lM 
(a)l 


( On  boards  on  the 
(     ground. 

Table,  3x8^  ft.. 

Table 

Table 


Without... 
[without. 


Without. 


(a)  6 
l«to6 


Bunof  mine  Floor, 


Qrizzly(c) 

Floor,  90x10  feet . . 

Table,  :2Sx3 feet.... 

Table,  85x3  feet... 

■,  spacious.... 


Run  of  mine 
Runofmine 

Runofmine 

Runofmine 

(a)l 

(6)8^ 

(6)8M 

(6)8 
lto8 

(6)4 
l><to4 


i Equilateral   tri 
1  angle,  6  ft.  side. 


Table,  7x4  feet. 
Picking  chute.. 
Picking  chute.. 

Floor 

Vibrating  prii- 
mches 


J  Vibrating  g 
1  sly,  84x8010 


With  spalling 
Without  (f).... 

Without  (f).. 

Without  (f).... 

With  spalling. 


With  cobbing.. 

Without 

Without 

VI) 
Without 


Picking  chute  (d). 


Picking  chute  (e). 

j  Picking  chute, 
1    24<>  slope. 

Grizzly,16xl5inche8 

j  Picking  chute, 
)     81»  80'  slope. 

On  grizzly,  12x6  ft 

(Rubber  belt,  26  ft 
I   long,  86^.  wide. 


Without . 


i  Without 
Water  with 
rock. 

[without.... 
Without 


1  Purple  copper.. 

2  (Thaloopynte . . 
SWaste. 

1  Lead  ore 

2  Zinc  ore 

SWaste 


1  Clean  limonite.. 
2Wa8te 


To  smelter. 
To  smelter. 
To  dump. 
To  smelter. 
To  smelter. 
To  dump. 

Tofumaoo. 
To  dump. 


1  Lump  ore. 

2  Waste 

1  Concentrating  ore 

2  Waste. 

1  Smelting  ore,  1st  class. 

3  4i          ''2d  class. 
8  Concentrating  ore 

4  Waste 

1  Rich  ore 

2  Waste 

1  Clean  lead  ore 

2  Concentrating  lead  ore. 

3  Clean  zinc  ore 

4  Concontrating  zinc  ore. 

1  Clean  galena 

2  CKan  blende. 

3  Concentratiag  ore 

1  Gray  copper 

2  Concentrating  ore 

1  Galena 

2  Concentrating  ore 

1  Rich  ore 

2  Concentrating  ore 

1  Rich  ore 

2  Concentrating  ore 

1  Rich  ore 

2  Concentrating  ore 

1  Copper  nuggets  or  bar 

rel  work. 

2  Mass  copper 

3  Concentrating  rock. . . . 

4  Wood  chips 

1  Mass  copper 

2  Concentrating  rock. . . . 

3  Wood  chips,  etc 

1  Concentrating  rock. . . , 
2Wood 


Water  fed  with  * 
rock.  I 

Without ] 

[without I 


1  Nuggets  or  barrel  work 

2  Concentrating  rock . . 

3  Wood  chips,  etc 

1  Rich  ore 

8  Concentrating  ore. . . 

1  Concentrating  ore... 

2  Waste 


Tofumaoea. 

Broken  to  pass  tbroogh  grialy. 

To  breaker. 

To  dump. 

To  furnaces  for  speltflr. 

To  oxide  fumaoea. 

To  breakers. 

To  dump. 

To  fumaoea  for  spetter. 

To  dump. 

To  fumaoea. 

To  lead  mill. 

To  furnaces. 

TozincmilL 

To  smelter. 

Stored. 

To  breaker. 

To  smelter. 

To  breaker. 

To  smelter. 

To  rolls. 

To  smelter. 

To  breaker. 

To  smelter. 

To  breaker. 

To  smelter. 

To  steam  stamps. 

To  smelter. 

To  stamps  Just  bef  (»«  dean  op. 
To  stamps. 

To  stamps  Just  before  deaBnpi 

To  stamps. 

Waste. 

To  stamps. 

To  waste. 

To  smelter. 

Retumed  to  t 

To  smelter. 

To  stamps. 

To  waste. 

To  smelter. 

To  breaker. 

To  breaker. 

To  dump. 


(a)  Run  of  mine,  with  ore  finer  than  this  size  screened  out  (b)  Run  of  mine,  with  ore  coarser  than  thii 
size  screened  out  (c)  10  feet  8  inches  long  by  12  feet  wide,  (d)  About  10  feet  lonk,  4  feet  wide  at  top,  1  foot 
wide  at  bottom,  (e)  6  feet  8  inches  long,  4  feet  6  inches  wide  at  top,  7^  inches  wide  at  bottom;  slope  5  incfaei 
to  1  foot,  or  88«  87'. 


which  would  be  troublesome  in  the  mill.  In  some  of  the  mills  two  grades  of 
concentrating  ore  or  of  smelting  ore  are  produced.  In  addition  to  the  cases 
shown  in  Table  265,  native  silver  is  separated  from  native  copper  in  Mills  44, 
46,  47  and  48.  The  material  treated  is  the  washed  residue  from  the  steam 
stamp  mortars  larger  than  -^  inch,  and  skimmings  from  the  No.  1  roughing 
jigs  between  -^^  and  -jfy  inch.  At  Mill  27  about  10%  of  all  the  concentrates 
is  obtained  by  hand  picking.  In  Europe,  whei'e  more  attention  is  given  to 
hand  picking  than  in  this  country,  a  large  number  of  products  is  sometimes 
produced:  for  example,  at  Freiberg  fifteen  different  products  are  made.** 

§  366.  Size  oi'^  Ore. — An  idea  of  the  sizes  that  are  hand  picked  in  American 
and  European  mills  may  be  obtained  from  Tables  264,  265  and  266.    The  OTe^ 
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lize 


parger. 


m^' 


of  the  coarse  grizzlies  often  contaioa  lumps  9  inchcfl  in  diameter  or  even 
There  is  very  little  picking  of  sizes  Bmaller  than  i  inch.    It  will  be 
n,  however,  that  there  is  a  great  variation  in  the  lower  limit  of  size  below 
rhich  hand  picking  ceases;  and  it  would  appear  impossible  to  assign  a  limit 
"above  which  picking  may  be  profitable,  and  below  which  it  will  not  be  eo.     Each 
manager  must  decide  this  for  hie  own  mill.     It  will  be  further  noticed  that  in 
number  of  instances  the  picking  of  all  sizes  mixed  is  resorted  to  with  profit. | 
owcver,  while  this  is  proper  in  some  cases,  it  is  not  in  general  to  be  recom- 
mended, since  the  eye  and  mind  cannot  easily  follow  large  and  small  pieces  at 
"Ve  same  time,  and  the  result  is  therefore  less  complete. 


TABLE  266. — BIZE8  OP  ORE  HAND  PICKED  IN  EUBOPEAN  HILLS. 


PI»o©, 


AUevftrd,  Idere>  Frftoce "..... 

CtttUffthftlt  Han  Mountatiw  >*>.  .....< 

FtiedrlchwegcA,  Bbenlsti  Pruaiiiti*. 

l4ureiiburK-oD-tlie-L«lm>*^ 

Lmtbeotlifl,  UAn  lfouDtaIiis»*>.<.. 


isbect,  W«itpbAUa  i^  (DOrDberg  tnd  Aurora  WorksK 

fiefauleaben?,  Rats  Mountains!**. , , , . . 

W«iH.  Bheoiah  Fniwl&i* « 


1.7  (a% 

1S5  to  0.4:  ar  to  1J6;  aS  to  0.7. 

1.4  (a);  1.4  to  8;  1.8  to  1.4;  1  to  L4;  OJ  to  1.8;  <XBto  OS, 

2Ma);  1.4  to  S.S;  0.6  to  1.4. 

a.3  (a):  L95  to  8.S;  0i5  to  1 JS. 

1.8  to  i;  1  to  1.8;  ae  to  1.8. 
S.  4  to  8.8:  1.85  to  8.4;  aSB  to  1.85;  (kt  to  aSB^ 
1.2  (a);  0  d  to  8.4;  0.0  to  aa 
S.i  (a):  0.8  to  8.4. 
2  (a);  1.8  to  g;  0.8  to  IJ;  0.6  to  O.a 


(a)  Hua  of  miiw  with  bIxm  Ooer  than  thia  ecreeiuxl  ouL 


§  367.  The  Cost  of  Hand  Picking  depends  on  the  percentage  that  is  picked 

it,  the  size  of  the  ore,  the  ease  with  which  the  different  minerals  can  be  die- 

ingnished,  the  mechanical  facilities  and  the  price  of  labor.       The  labor  re- 

lired  is  generally  the  cheapest  about  the  mill.     Hatch  and  Chalmers**  state  that 

ie  average  cost  of  hand  picJcing  on  the  Band  in  1895  was  about  14  cents  per 

ton  picked  out,  wliile  figures  quoted  by  them  ehow  that  the  average  cost  of 

~   amp  milling  in  11  niilie  was  $1,10  per  ton,  and  the  average  cost  of  cyaniding 

mill  tailings  in  9  mills  was  $1,24  per  ton;  showing  that,  by  picking  out  the 

instead  of  sending  it  nil  to  the  mills,  there  was  an  average  saving  of  about 

per  ton  of  waste  picked  out,  beside  the  cost  of  transporting  from  the  rock 

houses  to  the  mills.     The  native  laborers  employed  for  this  work  receive  only 

.50  per  day,  but  there  would  be  a  large  saving  even  if  the  price  of  white 

ibor  was  paid  ($3.00  to  $3.50  a  day).    As  an"illustration  of  the  relative  value 

the  waste,  the  annual  report  of  the  Geldenhuis  Deep  mine  for  1897  states  , 

bat  the  average  assay  of  the  hand  picked  waste   (amounting  to  9.7%  of  the  1 

re  mined)  was  $1.16  per  ton,  while  the  assay  of  the  final  tailings  after  passing  j 

irough  the  stamp  mill  and  cyanide  works,  was  $1.08  per  ton.     At  the  Ferreira 

aine,  the  hand  picked  waste  (amounting  to  31.9%  of  the  ore  mined)  assayed 

than  the  final  tailings  from  the  cyanide  plant,* 

Table  267  gives  estimated  costs  of  picking  galena  of  different  sizes  when  the 

Dre  passes  automatically  in  front  of  the  pickers.     Where  the  larger  sizes  are 

picked  on  floors  instead  of  on  belts  or  revolving  tables,  the  quantities  stated  in 

V        ' '    are  probably  too  high  and  the  cost  too  low;  and,  moreover,  the  picker 

robably  become  exhausted  when  picking  6-inch  cubes  at  the  rate  indi* 

ited.     The  table,  however,  has  its  value  as  showing  how  rapidly  the  quantity 

linishes,  and  the  cost  per  ton  increases,  as  the  size  of  the  individual  particle 

liminishes.     Estimates  for  other  minerals  can  easily  be  made:  for  example,  in 

^cking  quartz  the  quantity  would  be   |^  times  that  in  the  table  for  any  size, 

id  the  cost  per  ton  wonid  be  ^  times  that  given  in  the  table,  2.6  and  7*5 

ing  the  specific  gravities  of  quartz  and  galena  respectively. 
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TABLE  267. — ^ESTIMATED  COST  OF  HAND  PICKIKO  GALENA. 


WeightofaSInfcle 
Lump  of  Galena. 

Seconds  Required 

Weight  of  Galena 
Picked  in  Ten  Hours. 

Cost  per  Ton  Fkkad 

Out.    WagesaillXO 

for  Ten  Hoon. 

6— inch  cubes. 

■           M                  tt 

4     **        **      !•.•••. 

•    t*      **    *  !    ! 
J    »t      •* 

{«:    ::  •""" 

Pounds. 
68.46 
88.88 
17.881 
7.806 
8.166 
0.9184 
0.87061 
0.11421 
0.0SS88 

42 
94 
12 

Pounds. 

60,100 

60,750 

61,970 

68,680 

96,960 

16,442 

9,748 

4,112 

1,218 

0.088 
0.088 
O.0T7 
0.188 
0.8Q6 
0.488 
1.648 

§  368.  Picking  Tables. — There  are  five  classes  of  picking  tables  in  use:  (1) 
stationary  horizontal  tables;  (2)  stationary  sloping  chutes;  (3)  shaking  tables; 
(4)  belt,  rope  or  plate  conveyors;  and  (5)  revolving  circular  tables.  Station- 
ary, horizontal  tables  may  be  fed  automatically  or  by  barrow,  but  they  are  dis- 
charged by  hand.  Sloping  tables  or  chutes,  are  fed  automatically  and  may  be 
discharged  automatically.  Tables  of  the  three  remaining  classes  are  fed  and 
discharged  automatically. 

Stationary  Tables,  on  which  the  ore  rests,  are  horizontal  or  nearly  so.  They 
are  generally  long  and  narrow,  with  a  tank  at  one  side  for  cleaning  the  ore 
before  it  is  shoveled  to  the  table.  The  rinsing  is  sometimes  done  on  the  taMe 
with  a  hose.  They  have  a  track  for  barrow  or  car  for  bringing  the  ore,  and 
have  means  for  disposing  of  the  various  products  by  boxes,  hoppers  or  chutes. 

The  table  used  at  Mine  13  (Fig.  295)  is  12  feet  long,  3  feet  1  inch  wide,  with 
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FIG.  295. — CROSS  SECTION  OF  WASHING  BOX  AND  PICKING  TABLE  AT  MILL  13. 

a  tank.  A,  on  one  side,  which  has,  an  inch  or  two  below  the  surface  of  the  water, 
a  horizontal  plate  perforated  with  :l-incli  holes,  on  which  the  ore  is  dumped  and 
rinsed,  and  from  which  it  is  shoveled  to  the  table,  B,  for  the  pickers.  The  table 
slopes  toward  the  tank  1^  inches  per  foot  (7°  8')  for  drainage.  Four  pickers 
sit  in  a  row  upon  the*  seat,  C,  which  consists  of  a  plank  supported  by  brackets. 
They  pick  poor  rock  into  wheelbarrows  behind  them,  and  scrape  the  good  ore 
into  the  hopper  beneath,  which  discharges  by  a  gate  into  a  car  on  the  floor  below. 
It  would  be  easier  for  the  pickers  to  deliver  the  ore  forward  rather  than  back- 
ward, but  no  convenient  way  of  doing  this  seems  to  have  been  found.  In  cold 
weather  the  pickers  are  warmed  by  exhaust  steam  which  passes  through  pipes 
over  the  table,  thence  beneath  the  seat,  and  finally  through  the  washing  tank. 

Mine  14  uses  a  table  somewhat  similar  to  the  above,  12  feet  long,  3  feet  wide, 
2^  feet  high,  5.t  the  side  of  which  is  a  washing  tank  5  feet  long,  7  feet  wide,  1 
foot  deep.  The  pickers  sort  the  good  ore  into  boxes  and  scrape  the  waste  into 
a  hopper  beneath  the  table. 

At  Mill  12,  the  picking  tables  are  25  feet  long,  3  feet  wide,  with  the  picking 
surface  made  of  old  trommel  screens,  to  drain  the  ore.  Alongside  of  each  is  a 
rinsing  table,  20  feet  long,  2  feet  wide,  sloping  1  inch  per  foot,  made  up  of 
five  cast-iron  plates,  1  inch  thick,  perforated  with  round  holes,  \  inch  in  diam- 
eter for  No.  1  table  and  J  inch  for  No.  2.  Under  the  plate,  to  catch  the 
water  and  fines,  is  a  tank  extending  beyond  the  plate,  leaving  an  open  space 


E^ni  which  water  may  be  dipped  by  bucket.  The  ore  is  shoveled  on  the  rins- 
ing plate  and  washed  cither  with  bucket  or  hose,  according  to  whiether  the  tank 
18  fnll  of  water  or  not.  The  ore  is  then  shoveled  to  the  picking  table.  Boys 
pick  the  three  grades  of  good  ore  into  boxes,  and  scrape  the  waste  to  the  floor, 
from  which  it  is  later  wheeled  to  the  dump.  The  fines  from  the  tank  go  to 
Ub^  jigs, 

HAt  Mill  37,  a  table  7  feet  long,  4  feet  wide,  sloping  3**  50'  from  end  to  end, 
^fftised.  On  e^ch  side  is  a  ledge  8  inches  wide  and  3  incbes  high,  on  which  are 
old  Blake  breaker  toggles,  which  serve  as  pounding  blocks  for  cobbing.  The 
ran  of  mine  is  raked  along  the  central  trough,  which  is  33  inches  wide,  while 
men  stand  at  the  sides  and  cob  the  ore.  It  yields  smelting  ore  to  a  bin  and 
concentrating  ore  to  a  breaker. 

i^Mill  19  h^  a  fixed  picking  table  in  the  form  of  an  equilateral  triangle,  6  feet 
^fta  side. 

^■Picking  Chutes.^ — In  Mill  30  there  are  18  picking  chutes,  each  4  feet  6 
^Wies  long,  32  inches  wide,  2&  inches  deep,  sloping  SD"*,  with  checks  in  them  to 
nRnttol  the  flow  of  ore,  and  seats  on  which  the  pickers  sit  over  the  chutes.     The 
whole  contents  of  a  large  store  bin,  with  run  of  mine  which  has  been  through  a 
Blake  breaker,  passes  automatically  before  the  pickers,  who  pick  out  clean  smelt- 
ing ore  and  toss  it  into  a  bin.     The  rest  of  the  ore  goes  automatically,  by  a 
plate  conveyor  and  elevator,  to  the  rolls.     The  men  are  paid  so  much  per  ton  on 
^ie  product  picked,  provided  it  assays  up  to  the  standard.     This  is  a  most  simple 
^■fic«  for  inviting  the  picker  to  get  high  quantity  while  holding  him  to  good 
^pality.    About  2|%  of  the  concentrating  ore  is  thus  picked  out.    In  Mill  31, 
about  li%  of  the  concentrating  ore  is  picked  out  as  it  passes  from  bin  to  breaker. 
Mills  44,  46,  47  and  48  all  have  picking  chutes  6  to  10  feet  long,  sloping  20* 
to  30**,  narrowing  toward  the  lower  end,  on  which  the  rock  is  easily  pushed, 
with  the  aid  of  wetting,  from  the  bins  to  each  steam  stamp.     Rich  ^Tbarrel" 
copper  16  picked  out  to  be  sent  to  the  furnace;  and  a  second  grade  of  rich  cop- 
per  rock  is  saved,  to  be  fed  to  the  stamp  during  the  last  half  hour  before  chang- 
ing a  shoe.    Chips  of  wood,  rope  ends,  etc.  are  also  picked  out,  while  the  rest 
goes  direct  to  the  stamp. 

An  automatic  slate  picker,  consisting  of  a  chute  with  a  specially  designed 
dotted  bottom,  is  used  for  cleaning  coal    It  operates  by  virtue  of  the  flat  shape 
U|  the  slate.^^ 

B§  369.  Shaking  Tables. — Bartlett^s  picking  table  is  an  inclined,  flat  table, 
divided  into  a  number  of  conveying  troughs  by  longitudinal  partitions,  and 
receiving  a  lengthwise  shaking  motion  from  eccentrics.  The  table  is  inclined 
about  1  inch  in  9  inches,  or  sufficiently  to  cause  the  ore  to  move  down  the  slope. 
,  Bcreen  at  tha  upper  end,  with  0/.? 5-inch  holes  and  a  spray  pipe  for  wash  water, 
ttove^t  the  fines;  a  wide  central  convepng  trough  brings  the  rock;  and  three 
troughs  on  each  side  receive  three  qualities  of  picked  material.  These 
Bgh»  extend  from  the  screen  at  the  upper  end,  the  whole  length  of  the  table, 
'  deliver  the  various  products  into  separate  bins.  The  table  is  18  feet  long, 
et  4  inches  wide,  and  moves  back  and  forth  on  rollers,  200  times  a  minute, 
Qce  of  2  inches.  The  table  treats  5  to  10  tons  per  hour,  and,  with  breaker 
rator,  the  cost  of  treatment  was  15  cents  per  ton." 
Jelt,  Rope  akd  Plate  Conveyors  are  endless  belts  paasing  over  two  drums, 
means  of  taking  up  the  slack  and  of  supporting  the  two  horizontal  parts 
be  belt  The  belts  are  made  of  rubber,  of  steel  plates  or  pans,  and  some- 
of  rope  matting,  of  wire  cloth,  or  of  ^ire  matting.  Pickers  can  stand  on 
«ide  «nd  pick  into  either  boxes  or  harrows,  or  into  a  central  trough  upon 
belt-  For  detniled  description  see  §  627. 
Mill  92,  a  chain  plate  conveyor,  25  feet  long  between  oeut^i^  ^1  4rsisssA^ 
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and  35  inches  widey  was  formerly  used.  It  was  divided  longitudinally  into  three 
parts  hy  two  iron  fins  on  each  plate.  The  center  part  was  10  inches  wide,  each 
side  part  12  inches  wide.  It  traveled  32  feet  per  minute.  The  ore  was  fed  to 
the  two  side  parts,  and  the  waste  picked  into  the  center  part  by  one  or  two 

men.  The  two  side  parts  de- 
livered to  a  double-jaw  breaker 
and  the  center  by  a  chute  to  the 
waste  dump.  This  plate  conveyor 
has  been  replaced  by  a  rubber  belt, 
from  which  waste  is  now  picked 
off. 

A  plate  conveyor  has  been  used 
for  coal,  of  such  form  that  the 
waste  can  be  picked  from  the 
upper  part  of  the  belt  and  put 
upon  the  lower  part.  Each  part 
delivers  its  product  automati- 
cally.* 

A  Revolving  Circular  Table 
has  an  annular  picking  surface, 
upon  which  the  ore  is  fed  from  a 
chute  and  from  which,  after  the 
circuit  is  completed,  all  that  has 
not  been  picked  off  is  automatic- 
ally removed  by  a  fixed  diagonal 
scraper.  Fig.  296  shows  a  table 
having  an  outer  diameter  of  11 
feet  6  inches,  with  the  picking 
surface,  d,  26  inches  wide.  It  is 
supported  on  nine  horizontal 
arms,  c,  radiating  from  a  central 
hub,  h,  which  is  keyed  to  the 
vertical  shaft,  a.  These  arms  are 
supported  mainly  by  the  rod?  /. 
Around  the  inner  margin  is  a 
raised  border  e,  5.3  inches  high. 
which  prevents  ore  being  knocked 
off  the  inner  edge.  The  table  is 
driven  by  the  worm  gearing  a^.(itl 
and  requires  onlv  about  0.1  horse 
powcr.'^  •"*  13  the  ore  fed  at  fc 
is  rinsed  with  water  from  the  pipe 
fc.  The  pickers  stand  round  the 
table  and  throw  either  waste  or 
rich  ore,  as  the  case  may  be,  into 
the  hopper  I;  and  what  remains 
on  the  table  is  delivered  into 
the  chute,  w?,  by  a  scrapor  not  shown  in  the  figure.  Another  method  is  for  Mch 
boy  to  pick  into  a  box  by  his  side.  Assays  of  the  products  obtained  by  ^^^ 
picker  will  show  wliother  the  picking  is  carried  too  far  or  not  far  enough.  T» 
surface  of  the  table  is  either  wood  or  plate  iron.  When  the  latter  is  used  n 
may  be  perforaicd  to  drain  off  the  rinsing  water,  or  the  table  may  slope  gentlj 
toward  the  edge  so  that  the  water  will  run  off  into  a  launder.  The  rinoDg. 
bowever,  is  sometimes  done  before  the  ore  reaches  the  table. 
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FIG.  296. — REVOLVING  PICKING  TABLE. 
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In  the  Rand  district,  South  Africa,  circular  tables  are  used  which  consist  of 
an  annular  picking  surface  25  to  30  feet  outside  diameter  and  without  any  cen- 
tral construction,  the  table  being  supported  on  rollers  beneath  as  shown  in  Fig, 
_297.^  It  is  driven  by  bevel  gearing  beneath.  Pickers  gtand  inside  as  well  as 
Jtfiide  of  the  table.  This  const ructiun  is  used  instead  of  that  shown  in  Fig. 
196  on  account  of  the  large  diameter*  Eollers  fastened  to  the  under  side  of 
lie  table  and  running  on  a  tixed  rail  have  been  triedj  but  were  given  up  because 
Sieees  nf  njck  fell  on  the  rail  and  caused  trouble. 
An  intermittent  motion  has  been  applied  to  round  tables,  by  means  of  a  ratchet 
ad  pawl,  because  a  uniform  speed  of  revolution  tends  to  make  the  pickers  dkzy.'* 
The  Speed  of  the  moving  tables,  in  practice,  appears  to  vary  from  15  to  40 
feet  per  minute.  The  more  pickers,  or  the  lesa  material  to  be'  picked  out,  the 
higher  may  the  speed  be. 

"  g370.  Summary.— Of  the  plants  visited  by  the  author,  two(13  and  14)  have 
ationary  picking  tables  in  the  rock  houses;  four  (4,  13,  19  and  27)  have  sta- 
tonary  tables  in  the  mills;  seven  (30,  31,  44,  46,  47,  48  and  bb)  have  picking 
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197* — SPECIAL  METHOD  OP  SUPPOBTING  A  CIRCULAR  REVOLVINO 
PICKING  TABLE. 


Siiites;  seven  (5,  44,  48,  65»  73,  74  and  82)  pick  on  feed  grizzlies;  one  (42) 

Icks  on  a   vibrating  grizzly,  and  one   (92)    picks    on    a    rubber    conveying 

elt.     Of  the  22  instances  here  noted,  14  pick  on  chutes  or  grizzlies,  showing 

that  it  is  more  common  to  sacrifice  height  than  to  install  the  mure  complex 

conveying  bt^lts.     In  many  of  these  instances  the  fall  was  necessary  for  other 

reaeons,  and  these  simple  designs  are  found*  in  these  cases,  to  serve  as  well  as 

the  moving  tables.     The  chief  argument  in  favor  of  tables  is  that  they  furnish 

icking  facilities  without  loss  of  height, 

'  Comparisons. — Moving  tables  are  discharged  automatically,  while  stationary 

E>rizontal  tables  must  be  discharged  by  hand.     When  more  than  one  mineral  is 

be  picked  out,  moving  tables  have  tho  advantage  that  each  picker  selects  only 

ade,  and  therefore  does  better  work  ;  but,  on  the  other  band,  some  mana- 

brefer  to  have  a  single  pick»:*r  do  all  of  the  work  on  any  batch  of  ore.  because 

lx<*s  the  responsibility,  and  in  such  cases  fixed  tables  mu&t  be  used.     The 

[tableB  have  the  further  advantage  that  they  cost  much  less.     Of  the  mov- 

%\y\i'»,  the  circular  form  shown  in  Fig,  296  is  much  simpler  and  cheaper 

rttct  than  the  belt^. 
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6.  Goupillidre,  Haton  de  la,  (1885),  "Exploitation  des  Mines,"  Vol.  II.,  p.  680.    Diseosiei 

hand  picking  in  the  mine  and  on  the  surface,  and  the  principles  of    hand  picking; 

also  the  advantages  of  different  forms  of  picking  tables. 

6.  Hatch  &  Ghalmers,  "Crold  Mines  of  the  Rand,"  pp.  151  and  261.    Appliances,  resoItB, 

and  cost  of  hand  picking  on  the  Rand. 

7.  Kirschner,  L.,  (1898),  "Erzaufbereitung,"  Part  I.,  p.  26.    Describes  fixed  and  revolviog 

picking  tables. 
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1876. 
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beck,  Westphalia.     Gobbing  table,  with  grating  to  remove  the  fines. 

18.  Bull  8oc.  Ind.  Min.,  Series  III.,  Vol.  VII.,  (1893),  p.  466.    G.  Gromier  describes  the 
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19.  Cassi€r*8  Mag.,  Vol.  XIV.,  (1898),  p.  17.     A.  Gooper  Key.    Methods  and  results  of 

hand  picking  on  the  Rand. 

20.  Coll.  Guard.,  Vol.  LX.,  (1890),  p.  128.    G.  M.  Percy  describes  a  picking  belt  made  of 

steel  plates  carried  on  link  chains. 

21.  Eng.  Mag.,  Vol.  XV.,  ( 1898 ) ,  p.  51.    H.  H.  Webb  and  Pope  Yeatman.    Methods,  resulti 

and  cost  of  hand  picking  on  the  Rand. 

22.  Eng.  d  Min.  Jour.,  Vol.  XLV.,  ( 1888 ) ,  p.  228.    F.  L.  Bartlett  describes  his  jerking  UUe 

and  quotes  results.    Illustrated. 
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their  surfaces;  p.  95.    A.  G.  ('harleton  describes  novel  features  for  revolving  tabtea 

26.  Iron  and  Steel  Inst.,  (1886),  Part  I.,  p.  289.    A.  H.  Leach  describes  a  picking  belt  of 

steel  wire  screen,  and  compares  different  materials  for  the  picking  surface. 
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27.  Mh^  Ind.,  Vol.  IV.»  (1895),  p.  531.    R.  Helmhacker  describes  the  hand  picking  of  quick- 
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28.  Oesl.  Zeit,,  Vol.  XLI.,  (1893),  p.  41.    Joseph  Billek  describes  picking  in  mine  and  mill 
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31.  Beh.  Mines  Quart.,  Vol.  XIV.,  (1892),  p.  219.    Same  as  Ann.  dea  Mines,  Series  VIII., 

Vol.  XX.,  (1891),  p.  7.    See  above. 


CHAPTER  XIV. 

JIGS. 

§  371.  Principle,  Purpose  and  Definitions. — The  work  of  hydraulic  jigs 
depends,  as  a  rule,  upon  the  action  of  two  currents  of  water,  an  upward  and  a 
downward,  alternating  with  each  other  in  quick  succession,  upon  a  bed  of  sand 
supported  by  a  screen.  Sands  of  two  or  more  specific  gravities,  during  the  up- 
ward movement,  called  pulsion,  arrange  themselves  according  to  the  law  of 
liindered  settling  (see  §  4G6).  During  the  downward  movement,  called  suction, 
:inall  grains  wherever  they  are  free  to  do  so,  move  downward  through  the  inter- 
stices between  the  large  grains.  In  continuous  jigs  there  is  generally  also  a 
rurface  carrying  current  which  serves  to  transport  the  lighter  grains  forward 
until  they  are  discharged  over  the  tail;  sometimes  this  is  done  by  a  mechanical 
device. 

The  machines  to  be  described  under  this  heading  are  of  two  classes:  jigs  with 
rnovahle  sieves,  wlueli  obtain  the  currents  by  pushing  the  sieve  up  and  down  in 
the  water,  either  by  hand  or  by  power;  and  jigs  with  fixed  sieves  in  which  the 
currents  of  water  are  produced  either  by  a  plunger  or  by  a  stream  of  hydraulic 
water  brought  from  a  hydrant  into  the  hutch,  that  is,  the  space  beneath  the 
sieve,  or  by  both.  The  fixed  sieve  jigs  are  by  far  the  more  common.  This 
hydraulic  water  acts  to  modify  both  pulsion  and  suction.  Its  increase  adds  to 
the  former  and  diminishes  the  latter.  It  may  be  increased  to  an  amount  that 
will  stop  suction  altogether;  this,  however,  is  more  a  theoretical  idea  than  a 
practical  method,  on  account  of  the  large  amount  of  water  required  to  accomplish 
the  result.  If  on  the  other  hand,  the  hydraulic  water  is  reduced  to  zero,  then 
suction  is  increased  to  the  maximum  and  suction  equals  pulsion. 

The  jigs  have  proved  the  most  valuable  concentrators  yet  devised  for  all  the 
coarse  products  and  they  succeed  also  upon  comparatively  fine  products,  but 
have  never  been  used  to  advantage  for  slimes.  For  this  reason  there  is  only  one 
instance  where  they  are  used  in  gold  stamp  mills — ^in  Mill  66,  where  they  are 
reported  to  be  run  successfully.  They  can  be  used  in  the  separation  of  two, 
three  or  four  minerals,  for  example,  quartz,  blende,  pyrite  and  galena.  The 
coarse  jigs  can  be  used  to  save  clean  lump  ore  and  to  send  the  lumps  of  included 
grains  to  the  crushers  to  be  recrushed.  The  fine  jigs  can  be  used  to  yield  pure 
heads,  middlings  for  recrushing  and  washing,  and  tailings  clean  enough  to 
throw  away.  The  feed  to  jigs  may  be  sized  products,  sorted  products,  or  natural 
products.  Jigs  are,  as  a  rule,  final  washers,  that  is  to  say,  among  the  products 
which  they  turn  out  are  one  or  two  finished  products — ^heads,  or  tailings,  or  botL 
Besides,  they  generally  yield  one  unfinished  product  which  may  be  either  the 
heads,  the  middlings  or  the  tailings,  according  to  the  method  of  running. 

The  products  of  a  jig  are  designated  as  follows:  (1)  Tailings,' which  fonn 
the  top  layer  and  are  either  skimmed  ofif  the  top  intermittently  by  hand,  or  aie 
carried  over  the  tail  continviowaV^  hy  the  carrying  current     (2)  Coarse  am- 
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uliith  form  the  heavy  or  lower  layer  upon  the  sieve,  and  are  composed 
)i  iDo  i'oarsc  to  go  through.     Thc!?e  may  be  removed  interinitteiitly  by 

skiriinuiig,  or  conlinuoui^ly  by  devices?  calk-d  dii?Lliarges.     (-i)    IJuUh  [troducL 
the  ''HuicJi'*  or  fine  vonceniralaii,  jb  the  p«rl  wliich  goes  through  the  sieve.     It 
13  discharged  intenuittently  by  shoveling  or  by  a  gate,  or  eontinuouhly  by  a  rnn- 
ling  spigot  or  by  an  elevator.     A  jig  may  be  run  to  make  any  two  or  all  three 
'  the  preceding  products.     Before  taking  up  the  details  of  jigs,  the  following 
pfi  nit  ions  will  l»e  given  of  three  termt*  as  they  will  be  used  by  the  author;  The 
>(tom  bed  is  the  lower  layer  on  the  sieve,  eon^jpting  of  heavy  mineral,     Thf 
pp  layer  is  the  upper  layer,  consisting  mainly  of  gangue  from  which  the  heavy 
ineral  is  in  the  process  of  being  separated.     The  whole  bed  is  the  phrase  used 
the  above  two  are  spoken  of  collectively, 
|]|OTABt£  SiETE  Jios  are  divided  into: 
Movable  sieve  hand  jigs. 
Continuous  movable  sieve  power  jigs. 
Intermittent  movable  sieve  power  jigs* 

Movable  Sieve  Hand  Jigs. 

_  372,  This  form  of  jig  is  used  where  concentration  is  being  proved,  or 
bere  the  plant  is  small,  or  where,  as  in  Missouri,  the  mines  are  pockety,  and  a 
rge»  elaborate  mill  will  not  pay.     For  these  reasons,  the  hand  jig  will  be  con- 
'?red  in  considerable  detiiil. 
j  Thtf  jig  (see  Figs,  298a  to  300c)  consists  of  a  jig  box  0  with  a  screen  bottom 
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no.  898a.— SIDE  VIEW  OF  HAND  JIG  AT  MILL  13. 
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FItl*  298^. — PLAN. 


A.  Jigging  Tank.         G.  Jigging  Box, 

B.  St^reen.  H.  Lattice. 

C  Connecting  Bolts.    I.  Counterweight  Box. 
P.  Main  Lever.  J.  81i^  Joint. 

E.  HtH^iondary  Lever.  K.  Adjusting  Ares, 

F,  Supporting  Posts.  O.  A  miliary  Cooneeting  Rod. 


two  rouTH vf  jng-  rods  C,  a  jigging  lever  Z>,  and  often  a  secondary  lever  E,  two 
!\  and  a  jigging  tank  A  filled  with  water.     The  jigging  tank 
.,     In  Mill  2  it  is  also  lined  with  plate-iron  ^  mOa  \\\\v:Y.    'W.r 
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ji;(  liox  is  a  horizontal,  n-<tan;rular  frame  «>f  board?  on  e<I^.  T!it»  -Hrrnrii  j? 
placed  from  Z  to  ;j  inrlie.s  alio\e  iIk-  bottom  to  dc-lrov  the  evil  •^ifeer  of  -iuie  <:ar- 
nrntH  upon  tlie  whole  U-A.  This  .-paee  is  also  used  for  Iactk«^  TUpporri-  for  ie 
H(TH?n  if  it  is  n<:(?<led  (se<;  Fig.  'ZWc.)  When  a  grating  U  oaed  \is  a  sieve,  how- 
ever, no  latti(fe  in  n^^uired  (tee  Fig.  300d.) 

The  connecting  rodn  (!  are  arranged  with  adjusting  arcs  K  to  Iev»*l  the  -nnien 
Hidewiw  (see  Fig.  'Z\)\)a.)  The  endwise  leveling  is  done  upon  th.e  poti2.  If 
out  of  level,  tint  wlioh;  bed  will  work  to  one  side  or  the  other.  The  jiiging  Icver 
iH  nia<l«!  in  two  wayH.  Either  the  pivot  is  between  the  point  of  applicanon  and 
delivery  of  power,  or  by  using  two  levers  the  pivot  is  virtually  at  the  end  uf  eh* 


Fia  V!>l)<f.— KLKVATION  OF  HAND  JIG  AT  MILL  1. 


no.  299&. — PLAN. 


V^v^  y\w  rtrst  si*honio  (Fig.  300a)  requires  an  upward  push,  the  second  (Rgs. 
VN^Si*  ,^i?ul  V»i»M)  0  downward  push  on  the  lever  to  give  the  downward  snoD? 
uiij»\i!vv  tx%  tho  jig  box,  wliich  is  necessary  for  effective  jigging.  The  sw?":*::^ 
fvMu\  .^\^^s\^rs  to  bo  f^asier  to  work  than  the  first.  The  long  leverage  show:!  ia 
K»^  \-*^»^>  )s  pr\^brtbly  duo  to  the  fact  that  this  jig  is  used  in  a  mill  ll/««»  fr?t 
5«^*^o  iho  sfSi.  Tlio  jigging  lever  is  best  at  the  height  of  the  hips,  alibMdi 
iKM^U'(\n\«w  uittnl  up  over  tho  head  of  the  operator,  and  his  labor  is  easacr  ud 
uu^v  off^v(i\o  if  ho  standH  on  a  spring  board. 

*IN«  iimko  tlH'  downward  movement  of  the  screen  more  sudden  and  fterrf^ 
n^liovt'  iiuMUontttrU)*  l\\e  acieen  support  from  under  the  ore  bed  more  cf Mdnl^ 
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IPlip  joint  J  h  us?ed,  causing  a  (joxvnwrtrd  blow  to  be  imparled  to  the  screen.     In 
|ig>?.  "ii\M  and  300<i  thiB  h  a  ^lot  in  the  top  of  tlie  connecting  rode.     In  Fig. 
rM  a  conncilini^  ruti  0  slides  Ihrougli  the  t^ecundary  lever  E, 
A  counter  weight  may  be  rc<inired,  as  in  Fig.  298tt,  to  balance  the  jigging 
fevera;  this  is  nut  needed  in  Fig.  lM)\}a  because  of  the  weight  of  the  loaded  jig, 
id  in  Fig*  2^^a  on  account  of  the  length  of  the  ftecondary  lever. 
Kittinger  gpeake  of  hand  jigs  supported  on  spring  timbers,  with  the  jigging 
ver  omitted,  the  jigging  being  done  by  hand  directly  over  the  jig.     This  can  te 
&ne  only  in  a  small  sized  jig  box. 

g  3T3.  The  method  of  working  ip  to  charge  up  the  jig  box  with  ore  of  proper 
ze  and  depth.  The  coarser  the  ore,  the  deeper  the  whole  bed  may  be,  and  the 
peper  the  whole  bed,  the  greater  the  output,  but  when  too  deep  the  separation 
^  gravity  is  hindered.     It  is  jigged  with  the  proper  amount  of  stroke  and  num- 
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FIQ.  300a. — SIDE  ELEVATION  OF  HAND  JIQ  AT 
MILL  2. 


FIG.  300c.— END  ELEVATION, 
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FIG.  SOOd, — ONE  SECTION 
OF  SCREEN. 
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FIG.  a006. — ^PLAN. 


ber  of  strokes  per  minute  (the  coarser  the  ore,  the  longer  the  stroke  and  the 
the  number  per  minute),  giving  a  sharp  downward  motion  to  the  screen 
release  the  whole  bed  from  it  and  so  allow  the  ore  particles  to  settle  through 
water  under  hindered  settling  conditions.     The  motion  should  be  stronger 
ith  coarse  than  fine  ore.     The  return  movement  brings  the  water  back  through 
screen  and  uses  suction  to  draw  down  the  fine  concentrates.     Experience 
will  give  exact  data  on  the  speed,  the  amount  of  throw  and  the  nun:ibeT 
Dkes  required  for  different  ores,  but  a  general  idea  of  the  adjustments  used 
&e  g.iiTirrl  froni  Tabic  *^*^8. 

m  I  ng  is  finished,  the  lever  is  raised  or  lowered,  as  the  case  may 

ad  i,.-.-.a  to  its  hitching  post  L    (see  Figs.  300a-300c).    Tlie  screen 

th<*reby  lifted  out  of  water.     The  top  layer  is  skimmed  off  with  a  skoti 
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handled  hoe  and  thrown  upon  its  heap.  More  ore  is  charged  and  the  operation 
repeated  until  the  concentrates  have  accumulated ;  then,  after  the  top  layer  is 
removed,  the  middle  portion  is  skinmied  oflf,  generally  to  be  returned;  the  bot- 
tom layer,  which  has  accumulated  up  to  2  or  4  inches  deep,  is  skimmed  off  as 
concentrates.  The  hutch  product  which  accumulates  vertically  beneath  the 
screen,  is  shoveled  out  when  sufficient  material  has  accumulated,  and  the  fine 
sludge  which  settles  in  the  rear  part  of  the  jig  tank,  is  taken  out  separately. 
Some  of  the  tanks  arc  made  large  on  purpose  to  secure  this  fine  product  and  in 
this  case  a  partition  coming  up  two-thirds  of  the  way,  will  keep  the  coarse  hutch 
out  of  the  fine  sludge.  The  coarse  concentrates  and  hutch  products  are  gin 
crally  treated  again  on  a  finishing  jig  with  finer  screen  and  make  concentrate 
and  hutch  ready  to  ship.  The  sludge  may  be  rich  enough  to  ship,  or  it  may 
need  buddle  treatment  to  bring  it  up  to  the  required  standard.  Where  two 
minerals  which  belong  to  different  markets,  for  example,  galena  and  blende, 
are  concentrated,  they  may  be  separated  on  a  finishing  jig. 

Where  recrushing  of  middlings  is  not  to  be  resorted  to,  the  jig,  after  several 
times  having  had  tailings  skimmed  off  from  it  and  new  ore  charged,  will  be 
skimmed,  yielding  tailings  or  top  layer,  middlings  to  be  returned,  and  coarse 
concentrates  or  bottom  layer.  The  object  of  taking  these  middlings  is  in  order 
that  the  concentrates  may  be  freer  from  quartz  and  the  tailings  freer  from 
ore.  It  also  furnishes  a  layer  on  the  sieve  which  prevents  gangue  from  rattling 
down  into  the  hutch  while  the  next  charge  is  being  put  on.  After  these  mid- 
dlings have  been  returned  a  few  times,  making  an  accumulation  of  them,  the 
attendant  will  insensibly  take  off  his  tailings  a  little  richer  and  his  coarse  con- 
centrates a  little  poorer.  This  is  his  only  way  of  disposing  of  the  included 
grains  for  which  his  plant  has  no  special  provision. 

A  hydrant  with  water  almost  shut  off,  an  overflow  pipe  and  a  little  settling 
tank,  may  be  provided  for  keeping  the  water  at  a  constant  level  in  the  jig  tank, 
or  water  may  bo  added  by  a  bucket  from  time  to  time.  One  or  more  holes  are 
placed  in  the  side  of  the  jig  tank,  near  the  bottom,  one  below  the  other,  for 
drawing  off  the  water  when  it  is  desired  to  remove  the  sludge. 

§  374.  Table  268  gives  the  practice  in  the  mills.  They  all  yield  products 
as  follows:  (1)  Top  layer,  which  is  waste  except  in  Mill  3,  No.  3  jig,  and  Mill 
2  when  re-treating  hutch,  in  both  of  which  the  top  layer  is  clean  blende.    (2) 


TABLE  268. — HAND  JIGS. 
Abbreylatloiis.— Ft.=fe6t;  In.sinches;  No.snumber;  8cr.=i 


l\ 


Jig  Box. 


Length 


Ft.    In. 
8-7 


4^ 
8-8 


Width. 

Ft.  In. 
1-S 
1-10 

8-0 

»4 

l-9« 


Depth. 


Inches, 
(a)  18 
(cD18 

10 

10 

18 


Jig  Tank. 


Length 


Ft.  In. 
4-2 
6-0 

5-0 

5-0 

5-8H 


Width. 


Ft.  In. 
4-8 
0-0 

<M> 

<M> 

8-4H 


Depth. 


Ft.  In. 
8-9 
9-10 

4-0 


1-10 


c5» 
■SO} 

3^ 


Size  of 
Sieve  Hole. 


In. 

% 
H 
(OH 


Mm. 
9.5 
9.5 

15.9 

9.6 

(06.85 


Length  of 


Long 
Lever 
Arm. 


Ft.  In. 

C15-11M 

18-0 


11-0 


Short 
Lever 
Arm. 


Ft.  In. 

1^ 


84) 


Undersise  of  ler. 
From  screen,  Sli 

nun.  to  0.  (0) 
From    rolls.  I&I 

mm.  to  a  {K\ 
From   No.  1  \i%^ 

19.1  nun.  to  0. 
18.7  mm.  to  a  (0 


(a)  The  sieve  is  8  inches  above  the  bottom.  (6)  A  2-mesh  wire  screen,  (c)  This  is  the  virtual  length  of  tiK 
lever,  (d)  The  sieve  is  8  inches  above  the  bottom,  (e)  Cast-iron  grating.  (/)  The  grate  bars  are  tmngulir, 
H^  inch  deep,  %  inch  wide,  and  have  the  apex  downward,  (o)  In  jigging  this  a  bottom  bed  Is  used  6  indM 
deep  for  galena  and  8  inches  for  blende.  (A)  The  jig  treats  this  stuff  at  the  rate  of  44.4  tons  per  84  hovt. 
i  stroke  of  t**"  •"'-  ~* —  '"*  -.v^.-*  « i—u     as  av^..*. 


using  a  8 


I  the  jig  sieve  of  about  1  inch.    «)  About. 


The  second  layer  which  is  returned  to  the  same  jig  except  in  Mill  2  on  rine  ok 
where  it  is  blende.  (3)  The  bottom  layer  or  eoarse  concentrates,  which  are 
all  finished  except  in  the  No.  1  and  No.  2  jigs  of  Mill  3  where  they  are  sent  to 
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Sc  following  jigT    (4)  TTiitch  prochuts,  which  in  Mill  1  are  ro-treated  on  the 
b^nie  ji^,  tisjng  an  S-niesili  sievu  laid  on  top  of  thu  tnarse  gieve,  and  yield  tf)p 
pr  which  ip  watle,  middle  layer  whieh  ih  returned,  bottom  layer  and  hutch 
Ich  are  both  shipped.     In  ADll  2,  when  treating  galena  ore,  the  hutch  it?  q 
^led  product,  but  on  blende  ore  the  hutch  is  re-jigged  with  a  galena  bot- 
bed  and  tlien  yields  only  galena  in  the  hutch,  the  blende  remaining  up 
the  coarse  concentratee.     For  jigging  coarse  galena  ore  60  throws  per  miu- 
e,  for  blende  ore  100  per  minute  and  for  the  blende  hutch  120  per  minute  are 
used.     In  Mill  3,  the  hutches  of  No.  1  and  No.  2  jigs  each  go  to  the  next  follow- 
ing jig;  that  of  No.  3  jig  is  finished  galena.     The  number  of  throws  is  120 
ifi^  minute  and  the  time  of  jigging  is  four  minutes. 

jJHn  Mill  13  the  jigs  here  described  were  formerly  used,  but  have  since  given 
^Br  to  power  jigs. 

^H*he  labor  required  in  all  the  mills  is  one  man  to  a  jig,  which  is  high  com- 

^Red  with  machine  jigs.     The  capacity  given  by  Rittinger  for  his  hand  jig 

is  3  to  4  cubic  feet  of  ore  per  hour  for  each  square  foot  of  sieve  surface.     Hand 

jigs  cost  about  $20  each  and  require  little  repairs.     They  can  be  put  together 

anywhere  with  a  i^aw,  axe,  chisel,  auger  and  a  few  simple  iron  pieces. 

In  practice,  the  w^alls  of  the  jig  box  may  or  may  not  project  above  the  water 
^^luring  all  parts  of  the  stroke.  Wlieii  it  projects  above^  then  suction  is  equal 
pulsion,  that  is  to  say,  just  as  much  water  will  go  down  through  the  jig 
per  stroke  as  rises  np  through  it.  When,  however,  the  box  is  immersed, 
[>rding  to  the  amount  of  immersion,  auction  will  be  more  or  less  diminiehed, 
ring  pulsion  as  much  as  before  and  giving  a  much  softer  and  more  open 
yle  bed  and  one  which  would  complete  the  separation  into  layers  in  much 
rter  time.  This  is  true  because  of  the  lift  pump  action  of  a  jig,  referred 
by  Hoppe'%  which  allows  the  water  to  rise  more  easily  than  to  go  down 
&ugh  a  jig  bed;  here  the  water  so  pumped  up  flows  over  the  sides  when  the 
'  18  immersed.  The  latter  method  would  be  preferable  for  closely  sized  ma- 
il, the  former,  probably,  for  mixed  sizes. 

The  hand  jig  is  a  valuable  means  of  testing  the  best  conditions  for  treating 
ore  by  jigging  as  it  can  be  varied  so  easily  and  the  results  obtained  so 
tly. 
Por  small  hand  jigs  with  either  movable  or  fixed  sieves,  the  reader  is  referred 
lie  subject  of  testing  in  Chapter  XXI. 


Continuous  Movable  Sieve  Power  Jiog, 

1 376.  All  of  these  jigs  have  in  common  a  jigging  tank,  a  jigging  screen 
frame,  and  in  most  cases  some  special  connecting  joint  between  the  tank 
i  and  frame ;  some  mechanism  for  giving  the  sieve  its  vertical  oscillations ;  a 
3er  for  bringing  ore  at  a  constant  speed;  and  hydraulic  water  supplied  to 
i  htitch.     They  also  have  devices  for  removing  the  tailings^  the  coarse  conoen- 
letj  and  the  hutch  product,  and  for  elevating  the  tailings  water,  in  general 
'iming  it  into  the  hutch  of  the  machine.     These  devices  enable  them  to  have 
igh  capacity  and  a  low  consumption  of  water.     As  generally  run  they  have 
bug  suction  owing  to  the  fact  that  most  of  the  water  that  passes  up  through 
bed  has  to  pass  down  again. 

I'd'ii'u  MovABtR  SiEVK  Jig  at  Przibram.**^A  movable  sieve  jig  used  at  Przi- 

(see  Figs.  30 la  and  3016)  has  a  screen  frame  of  sheet  iron  sides  and  ends*  6 

^  foot  6  inches?  wide,  8  inches  deep,  with  a  horizontal  screen  and  a  cross 

!  4.13  inches  high,  dividing  it  in  halves.     The  screen  frame  is  oscil- 

1  hy  two  eccentrics,  connecting  rods  B  and  cross  bars  attached 

it.  iics  are  capable  of  giving  2,Q7  inches  t\vtoN«   ^v\i\  ^^^s.,  %v>\ 
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make  140  throws  per  minute.  The  feeder  is  a  hopper  and  trough,  jerked  by 
cam  H  and  spring.  The  tank  has  under  the  two  halves  of  the  screen  two  hop- 
pers with  front  side  vertical  and  with  continuously  discharging  spigots  F  tot 
removing  the  hutch  products.  Around  the  frame,  upon  the  tank  a  wooden 
strip  and  a  small  angle  iron  make  an  approximately  tight  joint  to  prevent  splash- 
ing. The  tail  0  is  of  sheet  iron,  curved  to  allow  the  waste  to  pass  over  into  the 
well  of  a  screw  elevator,  which  removes  the  sand  with  but  little  water.  The 
water  is  elevated  about  4  inches  by  a  revolving  propeller  and  is  sent,  probably, 
back  into  the  two  hutches.  The  coarse  concentrates  are  discharged  through  a 
short,  vertical  tube  C  attached  to  the  screen,  which  slides  in  a  fixed  tute  D 
below  for  conducting  away  the  concentrates.  A  poppet  valve  over  the  mouth 
of  this  tube  is  opened  from  time  to  time  to  let  the  concentrates  pass  out  A 
sheet  iron  cylinder  6  inches  in  diameter  and  covered  by  a  1-mm.  screen  is  placed 
over  this  poppet  valve  to  prevent  the  quartz  from  coming  down  with  the  coarse 
concentrates.  This  cylinder  is  made  adjustable  up  and  down.  This  jig  is  de- 
signed for  treating  sized  products  from  4  mm.  to  20  nun.  in  diameter.    At 


g    .-v.;l 


PIG.  3016. — CROSS  SECTION. 


1  0  rji 

FIG.  301a. — LONGITUDINAL  SECTION 

OP      MOVABLE      SIEVE      JIG      AT 

PRZIBIUM. 


Przibram  it  is  used  on  G-mm.  product,  with  a  stroke  of  1.24  inches.  It  requires 
2.9  horse  power.     The  tailings  discharge  continuously,  the  heads  periodically.  • 

§  377.  The  Bradford  Eccenttric  Jig. — This  is  a  movable  sieve  power  jig, 
and  Figs.  302a-302ci  illustrate  the  pattern  used  for  many  years  in  concentrat- 
ing hematite  at  Iron  Mountain,  Missouri.  The  jigging  box  d  is  of  cast  iron, 
3  feet  1  inch  long,  1  foot  7J  inches  wide  and  1  foot  7  inches  deep.  The  screen 
i  is  6  inches  below  the  top  at  the  feed  side  and  ends  and  2J  inches  below  the 
top  at  the  tail  side ;  an  adjustable  slide  ;,  held  in  place  by  bolts,  enables  the 
last  to  be  increased  as  desired,  up  to  5  inches.  The  screen  is  supported  by  i 
lattice  of  three  lengthwise  bars  I  resting  edgewise  upon  six  crosswise  bars  « 
all  of  which  are  |  inch  thick,  If  inches  high  and  are  cast  in  one  piece  in  t 
frame  which  is  bolted  inside  the  jig  box. 

At  the  bottom  of  the  jigging  box  are  extension  fins  p  on  the  sides  2  feet  11 
inches  long,  7^  inches  wide,  -^  inch  thick,  and  on  the  ends  1  foot  5 J  incheB 
long  and  of  the  same  width  and  thickness  as  those  on  the  sides.  The  jiggiiV 
box,  at  its  lower  end,  extends  into  a  fixed  frame  r  of  ^-inch  thick  cast  iron,  3 
feet  3  inches  long,  1  loot  ^\  iucheB  wide  and  15  inches  high,  which,  as  H« 


i 
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ji^  !>nx  riiseF  and  falls,  confiucs  the  currenis  and  guides  Ihe  concentrates  and 
tiiiliiigB  each  to  its  proper  destination*  This  fixed  frame  is  bolted  to  the  walU 
of  the  jig  tank*  The  power  is  applied  by  a  shaft  t  with  fly-wheel  u  and  speed 
cone  pulley  v,  imparting  motion  to  the  jigging  box  by  two  eccentrics  f  and  con- 
cting  rods  e.    The  boxes  for  this  shaft  are  upon  cast-iion  standards  a  bolted 
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PIG.   302fr. — LONOITDDINAL   SECTION.  FIG.    302a. — END   SEC- 

TION    OF     BIUVDFOHD 
ECCENTRIC  JIO. 


-J^- 


f 


Flo.  302C^ — RNI)   VIKW   OK 
TANK, 


u^  .^  .^,)a 


FIG,  Z02d. — BmE  SECTION  OP 
TANK. 


the  ji^  tank.    Tlie  jig^in^  box  at  c  runs  in  its  vertical  path  between  adjusta- 
le  jruideg  upon  the  Ktaridards;.     The  weij^ht  of  the  jig^inja:  hox  and  charge  is 
\<*n  up  by  two  helical  springs  w,  one  at  each  end,  tn  even  the  work  of  the 
ilric5.     On  the  tail  side  is  a  discharge  spout  z  for  discharging  the  tailings  j 
fc  of  the  fixed  frame< 
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The  jig  tank  5  is  9  feet  long  and  7  feet  deep  and  is  mounted  for  two  jigging 
boxes.  It  is  built  of  wood  with  two  compartments  4  feet  6  inches  and  2  feet 
10  inches  wide  respectively,  the  former  A  for  the  heads,  which  pass  through  the 
screen,  and  the  latter  B  for  the  tailings,  which  overflow  at  the  tailings  side  and 
pass  down  through  the  spout  supplied  for  that  purpose.  The  tailings  side  of 
the  fixed  frame  r  forms  an  upward  extension  to  the  partition  y,  dividing  the 
two  compartments.  The  bottoms  Of  the  two  compartments  are  hopper-shaped 
and  form  the  boots  of  the  elevators  which  remove  the  two  products,  the  heads 
being  delivered  to  a  bin  and  the  tailings  to  a  car. 

The  feed  to  the  jig  was  a  sized  product  and  its  amount  was  regulated  by  a 
corrugated  cylindrical  feeder  run  by  worm  gear.  The  jigging  is  done  upon  a 
bottom  bod  of  coarse  ore,  and  the  concentrates  pass  down  through  the  screen, 
while  the  tailings  go  over  the  tail  side.  The  jigging  tanks  are  automatically 
kept  full  of  water. 

In  Mill  4  a  Bradford  jig  is  used  which  has  but  one  sieve  Jfe  in  a  tank  (see 
Figs.  303a-303d),  for  separating  limonite  from  quartz.     The  general  construc- 


FIG.  303d.— RAKE. 

tion  is  the  same  as  that  used  for  the  Iron  Mountain  jig,  with  the  exception  that 
automatic  rakes  are  used  for  removing  the  ore  and  the  waste  up  inclined 
troughs  a.  For  this  purpose  the  bottom  of  the  jigging  tank  slopes  in  two  di^e^ 
tions  from  a  dividing  partition  6.  The  concentrates,  passing  through  the  sieve, 
roll  down  into  one  trough  d  while  the  tailings  going  over  the  edge  of  the  jig 
box  go  into  another  c.  Two  rakes  e  operate,  one  in  the  concentrates  trough, 
the  other  in  the  tailings  trough.  Each  rake  handle  /  is  attached  to  a  crank- 
pin  g  having  a  radius  of  3  feet,  and  as  the  crank-pin  is  returning  on  the  under 
part  of  its  path,  the  rake  handle  lies  upon  a  guide  pulley  h  and  holds  up  the 
rake.  When  the  crank-pin  has  returned  and  starts  away  again,  it  rises  to  the 
upper  part  of  its  path  and  the  rake  descends  to  withdraw  the  product  in  the 
trough. 

No.  1  jig  of  Mill  4  is  fed  with  stuff  which  passes  through  a  1-ineh:  (25.4 
mm.)  screen  and  rests  on  a  ^-inch  (12.7  mm.)  screen;  No.  2  jig,  through  i 
i'inch  on  a    yV'i^ch  (1.66  mm.)  screen.    No.  1  has  a  throw  of  \  inch  and 
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ikes  188  throws  per  miBute.    Both  use  bottom  beds  of  lump  ore  on  the  deves^ 

Did  yield  heads  to  picking  table  and  tailings  to  waste. 
§  ;iT8.  TiiE  CoxKLiKu  Jig/''' — (See  Fig.  304.) — This  is  a  circular,  movable 

eve  jig  which  is  fed  near  the  circu inference  and  disehargcd  at  the  center.  The 
screen  is  3  feet  10  inches  in  diameter,  has  a  ^^-inch  (7.9  mm,)  hole,  and  re- 
volves 7  times  per  minute,  to  give  an  even  dietribution  of  the  feed.  It  is  fed 
with  dry  ore,  \  inch  (G*35  mm.)  to  0  in  bize  and  UR^tj  a  bottom  bed  eonsisting 
o£  OTB  of  the  size  of  hickory  nuts.  It  has  260  pulsations  per  minute  of  |  inch 
given  to  it  and  yields  tailings  and  hutch  products  ooly,  both  of  which  are  taken 
out  by  elevators.  The  downward  movement  of  the  sieve  is  rapid;  the  upward 
is  slow.  The  capacity  on  magnetite  at  Lyon  Mountain,  Ncm*  York,  w*as  5  tons 
per  hi^ur  and  it  used  135  gallons  of  water  per  minute,  or  1,620  gallons  per  ton 
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FIG.  304. — SECTION  OF  COXKLINO  MOVABLE  SIEVE  JIO. 


1.  Bevel-wheeL 

2.  Pinion. 

3.  Upright  shaft 

4.  Shoe, 

5.  Link. 

a  Lo  ir. 

(^.  Outsidt?  nut. 
la  Flange. 
11.  logide  nut. 
18.  Btandard. 
14.  HooiJ. 


16.  Rcreen-pIateB* 

18.  Spider. 

19.  Key. 

20.  Cone. 

21.  Water  sleeve, 

22.  Waterbox. 

23.  Lower  el*?yator-box. 

24.  Lower  el^Tator-ahaft. 

25.  Brtnd  anaa 
2<J.  Cam -wheel. 
37.  36-inch  pulley. 
28,  FinionRhaft. 
80.  Lever  beam. 

45.  Splash -rim* 


81.  Yokes. 

82.  Lever- shaft. 

83.  Driving'shaft. 

34.  Top  t»levator-ahaft. 

85.  24  inch  pulley. 

36.  Flange  pulleys. 

38.  Spring -pole, 

89.  Strap, 

40.  Bumper. 

41.  3  inch  water-pipe. 

42.  Regulating- valve. 

43.  Outlet  pipe  to  tail-nioa 

44.  Tub. 


_af  ore  treated.    One  man  or  boy  tended  two  jigs.     The  feed  contained  43.6% 
on;  the  concentrates  66.9%  iron,  and  the  tailings  22.9%  iron. 

§  379.  The  Sciiranz  Jio. — This  is  a  rectangular  jig  with  a  screen  frame  9 
et  6  inehos  long,  3  feet  3  inches  wide,  divided  into  seven  panels.  It  has  a 
iter-tight  bellowg  joint  of  leather  or  rubber  connecting  it  with  a  V  tank  below, 
lich  h  divided  into  us  many  hutches  as  desired,  each  with  a  separate  spigot, 

receives  mn*"  -    ^-m  vertical  rods  which  are  rlriven  from  rocking  eccentrics. 

is  m*i^d  for  i^limes  and  has  a  bottom  bed  which  decrea^s  in  thickness 

(ward  [\w  taiL  "Uno  machine  treats  \T\{)  kilos  of  t!ie  finest  cimde  ore  per  hour. 
ing  ^'*»*»  lrt**r<5  vfnX^T  per  minute,  requiring  less  water  (J),  but  more  power  than 
1*5  ^  luiking  cleaner  t^ilin^t?.***'' 

§  :;  G,  Movable  Silve  PowEa  Jiq^  xvaed  vel  "ST^^^x^^^NSkja* 
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an  iron  screen  frame  30  inches  long,  13  inches  wide  at  the  head,  10  inches  wide 
at  the  tail  and  1^  inches  height  of  tail.  It  is  made  narrower  at  the  tail  to 
hasten  the  work,  as  most  of  the  work  is  done  in  the  first  third  of  the  length.  It 
is  oscillated  by  a  single  eccentric  with  T  rod,  driving  two  forks  running  in 
guides.  The  four  feet  of  these  two  forks  are  bolted  to  the  screen  frame.  All 
round  the  screen  frame  is  a  leather  packing  to  prevent  the  water  from  rising 
between  it  and  the  tank.  The  tank  is  hopper-shaped  with  a  cross  partition  for 
making  two  hutch  products.  Two  or  more  of  these  jigs  are  usually  run  in 
series.  The  tail  of  the  jig  frame  has  a  spout  extending  over  the  edge  of  the 
tank  and  conveying  the  sand  and  water  to  the  next  jig.  This  is  possible,  owing 
to  the  lift  pump  action  of  the  jig,  which  elevates  the  water  above  the  jigging 
sand  to  a  higher  level  than  that  in  the  tank.  There  may  be  an  under  launder 
conveying  the  tank  overflow,  should  there  be  any,  to  the  next  jig.  The  concen- 
trates are  wholly  made  in  the  hutch,  and  screens  and  bottom  beds  are  used  to 
suit  these  conditions.  The  spigots  have  goose-necks  or  rising  discharges.  It 
has  220  pulsations  per  minute  of  5  mm.  each,  and  is  designed  for  treating  sand. 
Three  spitzlutien,  two  jigs  and  two  Bilharz  tables,  treat  3  tons  in  10  hours; 
the  jigs  treat  1  ton  each ;  the  tables  ^  ton  each. 

The  Bilharz  Circular  Sieve  Power  Jig. — This  machine  has  an  annular 
moving  jig  frame  divided  into  six  sectors,  2.2  m.  outer  diameter  and  0.674  m. 
inner  diameter.  It  receives  pulsations  from  a  central  eccentric  rod  through 
levers.  The  feed  is  distributed  at  the  outer  rim;  the  tailings  are  discharged 
inward  in  a  central  pipe;  and  the  hutches,  which  are  separate  for  each  com- 
partment, are  discharged  through  rising  goose-necks  around  the  circle.  With 
200  to  220  pulsations  per  minute  of  5  to  6  mm.,  it  treats  in  one  hour  30  cubic 
meters  of  pulp,  containing  1,200  kilos  of  dr}',  solid  material. 

§  381.  The  Robinson  Jig  is  a  movable  sieve  jig  in  which  the  head  end  pul- 
sates the  most  and  the  tail  end  the  least.  This  movement  is  obtained  by  pivot- 
ing the  tail  end  to  the  tank  and  oscillating  the  head  end  by  means  of  a  cranL 
The  tank  is  12  feet  long,  6  feet  wide  and  6  feet  deep.  The  sieve  is  10  feet  long 
with  grate  bars  extending  the  whole  length.  Above  the  sieve  are  cross  dams  4 
inches  high  to  keep  the  bottom  bed  in  place.  It  jigs  through  the  sieve  into  the 
hutch  and  also  has  side  discharges  to  prevent  the  bottom  bed  from  getting  too 
deep,  which  discharge  coarse  concentrates  into  the  hutch.  It  has  80  pulsations 
per  minute  and  requires  500  pounds  of  material  for  the  bottom  bed.  The  water 
reaches  1  foot  above  the  sieve.  In  Southern  Missouri,  where  both  are  used,  it 
saves  10%  more  than  a  hand  jig  on  unsized  zinc-lead  ores.  The  tailing  pass 
over  the  tail  board  and  are  removed  by  an  elevator. 

§382.  The  Hancock  Vanning  Jig,*^*»  used  at  Broken  Hill,  New  South 
Wales,  and  in  other  parts  of  Australia,  has  a  jig  box  8  (see  Figs.  305a-305e) 
about  2.5X20  feet  inside  dimensions,  with  tail  board  about  4  inches  high. 
This  jig  box  is  suspended  in  the  jigging  tank  by  four  T-bolts  and  two  cross 
bars  J.  The  cross  bars  extend  horizontally  beyond  the  sides  of  the  jigging 
tank  and  are  supported  upon  four  vertical  connecting  rods  D.  These  receive, 
at  their  lower  ends,  an  up  and  down  motion  from  four  short  levers  C  which  are 
moved  by  the  cam  wheel  A  through  the  long  weighted  levers  B.  A  hand  wheel 
//  raises  or  lowers  the  stop  F  and  controls  the  amount  of  the  motion.  There 
are  also  two  links  K,  one  on  edch  end  of  the  head  cross  bar  which  connect  the 
latter  to  the  sides  of  the  jig  tank  and  thereby  maintain  the  stability  of  the  jig 
box.  The  points  of  connection  of  the  links  to  the  jig  tank  are  made  adjustable 
by  means  of  a  slot.  This  serves  to  vary  the  direction  of  motion  of  the  sieve 
to  any  desired  degree  from  about  25**  to  about  70**  with  the  horizontal.  The 
position  commonly  used  causes  the  jig  box  to  move  on  a  slope  of  about  45*  and 
tlwreby  gives  a  vanning  motion  to  Uie  sieve  and  compels  the  materkd  QDde^ 


hug  concentrafioD  to  travel  toward  the  tail  end  of  the  eievG.     Water  is  sup- 
lied  in  the  hutch  ag  shown  aBcl  the  concentrates  pa^s  through  the  sieve  and 
fall  into  compartments  in  the  hutch  from  which  they  are  drawn  off  as  desired, 
while  the  tailmge  paes  over  the  end  of  the  sieve  into  a  special  compartment 

At  the  Moonta  mines  where  most  of  (he  rock  is  crushed  through  n  sieve  with 
twenty  holes  to  the  square  inch,  one  of  these  jigs  treats  as  much  as  1?6  toES  per 
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day  (probably  34  hours),  and  requires  about  two  horse  power.  The  feed  eon- 
'  \%  copptf*r  iind  the  concentrates  19  to  20%  copper.  In  other  places, 
ify  varies  from  110  to  210  tcnis  in  24  hours. 

'^ANNiKd  Jia,  ut^ed  In  tliis  c<»uTitry  tf»  Ir4'at  garnet,  is  a  mo\ubTe 
M  h  has  the  tail  end  of  its  jig  box  suspended  fro\a  ^  ^\HQ\.\i^  ^^^jst- 
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tical  rod  with  rigid  connection  to  the  box  and  of  adjustable  length.  The  head 
end  is  given  an  approximately  up  and  down  motion  by  a  vertical  connecting 
rod  leading  to  an  eccentric  while  the  tail  end  has  a  motion  very  neariy  horizontal 
In  one  case  the  lengths  of  the  suspending  rods  at  the  tail  end  and  of  the  connect- 
ing rods  at  the  head  end  are  7  inches  and  69|  inches  respectively.  The  jig  box 
is  24  inches  wide  and  50.5  inches  long.  The  sieve  does  not  extend  all  the  way 
to  the  tail  end,  however,  but  is  replaced  by  a  solid  bottom  for  the  last  14.5  inches. 
The  sieve  has  a  slope  up  toward  the  head  end  which  is  adjustable  but  averages 
about  2.5°.  The  depth  of  material  on  the  sieve  varies  from  1.5  to  3  inches. 
The  throw  of  the  eccentric  varies  from  f  inch  to  1  inch.  The  jig  is  fed  at  the 
middle  and  the  vanning  motion  is  such  that  the  coarse  concentrates  work  up  to 
the  head  end  and  pass  over  automatically  in  case  of  an  easily  concentrating  ore^ 
otherwise  they  are  skimmed  off;  the  concentrates  which  pass  through  the  sieve 
into  the  hutch  are  lifted  out  by  a  bucket  elevator;  the  tailings  overflow  con- 
tinuously at  the  lower  end  of  the  sieve. 

This  jig  is  adapted  to  different  jigging  problems  on  stuff  between  J  inch  and 
30  mesh.  Its  capacity  ranges  from  5  tons  per  24  hours  on  the  finer  material 
to  7  tons  on  the  coarser. 

Intermittent,  Movable  Sieve,  Poweb  Jigs. 

§  383.  These  differ  from  the  continuous,  movable  sieve  jigs  in  that  the  feed- 
ers, the  hydraulic  water,  the  discharges  for  coarse  concentrates,  hutches  and 
tailings,  are  all  left  out.     They  are  practically  hand  jigs  adapted  to  power. 

Mill  12  has  as  No.  1  jigs  four  movable  sieve,  Cornish  jigs,  which  are  much 
like  the  hand  jig  in  Figs.  SOOa-SOOd  except  that  they  are  driven  by  power.  The 
jigging  box  is  22  inches  wide,  46  inches  long,  7  inches  deep  above  the  screen  and 
3  inches  below  it.  It  is  made  of  1-inch  boards  and  has  a  5-mesh  screen  in  it. 
The  jigging  lever  has  a  long  arm  of  4  feet  2  inches  and  a  short  arm  of  10  inches. 
The  long  arm  is  driven  by  an  eccentric  with  a  throw  of  5  inches;  giving  the  jig 
a  throw  of  1  inch.  The  tank  is  30  inches  wide,  54  inches  long  and  7  feet  deep. 
Its  feed  is  from  2  mesh  downward.  Ore  is  shoveled  into  the  jigging  box  until 
it  is  8  inches  deep ;  then  the  jigging  box  is  connected  with  power  and  allowed  to 
jig  for  6  minutes.  Next,  the  lever  is  disconnected  with  the  power;  the  sieve 
is  lifted  out  of  the  water  and  held  there  by  a  hitching  post.  The  skimming 
by  hand  yields  top  skimmings  which  are  waste,  middlings  which  are  returned, 
coarse  concentrates  which  go  to  the  smelter,  and  the  hutch  which  is  allowed  to 
accumulate  until  it  is  finally  shoveled  to  No.  2  jigs.  There  are  two  No.  2  jigs 
and  nine  No.  3  jigs  similar  to  the  No.  1  jigs. 

At  the  Hartman  mine,  Friedensville,  Pennsylvania,  the  jig  is  similar  to  that 
in  Mill  12.  but  its  method  of  working  is  as  follows:  Starting  with  a  bed  of 
coarse  tailings  1  inch  thick  from  the  previous  skimming,  a  layer  2  inches  thick 
of  ore  to  be  concentrated  is  fed.  After  jigging  for  five  minutes,  another  layer 
of  2  inches  is  added  and  the  jigging  repeated,  after  which  the  jig  is  lifted  out 
of  water  and  the  top  layer  of  limestone  tailings  is  skimmed  off.  This  is  re- 
peated until  the  box  is  half  full  of  coarse  concentrates,  when  the  top  layer  of 
limestone  skimmings  is  scraped  to  one  end,  the  concentrates  removed,  the  skim- 
mings being  thrown  back  in  the  place  of  the  concentrates,  the  other  half  of  the 
concentrates  shoveled  out,  the  limestone  bed  spread  evenly  and  work  resumed. 
The  coarse  limestone  bed  prevents  the  new  charge  at  the  start  from  falling 
through  the  screen  without  being  enriched. 

At  the  Saucon  mine  at  Friedensville,  Pennsylvania,  a  similar  jig  is  raised 
by  a  cam  and  drop])ed  by  its  own  weight.     It  has  an  automatic  bell  discharge 
tor  coarse  concentrates,  which  makes  the  machine  more  nearly  a  continuous 
macbine. 
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Hittinger  describes  a  similar  jig,  raised  by  a  cam  and  forced  down  by  a  spring. 

For  the  capacity  of  it  he  gives  the  rule  that  every  square  foot  of  sieve  surface 

will  treat  3  to  4  cubic  feet  of  ore  per  hour.    He  further  says  that  one  man  can 

ttend  to  tiro  jig& 


Fixed  Sieyb  Jigs. 

§  384,  In  these  machines  the  screen  ig  stationary  and  the  water  is  forced  to 
rise  and  fall  through  it  by  the  action  of  a  piston  or  plunger  which  is  generally 
"  Diaced  in  an  adjacent  compartment  connected  with  the  hutch  or  space  below 
the  screen.  These  machines  are  almost  always  driven  by  power  and  are  the 
forms  in  general  use  to-day.  There  are  two  classes  of  these  jigs:  (1)  The  Harz 
^ne,  where  the  plunger  receives  its  up  and  down  motion  from  an  eccentric  re- 
Foiving  at  uniform  rate,  (2)  The  accelerated  jigs,  in  which  some  form  of 
aeehanism  is  adopted  to  giire  the  plunger  more  rapid  motion  during  pulsion 
than  during  suction.  The  terra  Harz  jig  has  been  used  loosely  in  the  literature 
of  the  subject.  The  author  has,  therefore,  adopted  the  above  definition  which 
the  one  commonly  accepted  in  the  United  States, 

§  385.  The  Harz  Type  of  Jigs. — This  machine  has  found  far  more  favor^ 
^than  any  other  jigging  machine-     It  is  used  succesi^fully  for  coarse  and  fine 
Dree,  for  higher  and  lower  specific  gravity  minerals.    By  it  two,  three  and  even 
four  mineral  separations  can  be  made. 

It  consists  of  a  jigging  tank  with  vertical  longitudinal  partition,  on  one  side 
of  which  is  the  screen  upon  which  the  ore  rests ;  on  the  other  side  is  the  plunger 
for  creating  the  currents.     As  the  partition  does  not  reach  the  bottom,  there  is 
^ree  passage  for  the  water  from  the  plunger  to  the  sieve  compartment  and 
gturn.     The  jig  may  have  one  or  more  jigging  compartments,  each  with  its 
eieve  and  plunger,  separated  by  cross  partitions;  two,  three  and  four  are 
most  common  number  of  these  compartments,  although  as  many  as  seven 
ive  been  used  in  Southwest  Missouri. 

The  Harz  jigs  u^d  in  Mill  37  are  shown  in  Figs,   306a,  3066  and  306c. 
"^ese  are  the  4*6ieve  jigs  used  in  that  mill  for  medium  and  fine  work.     For 
parser  work,  jigs  with  two  sieves  are  used  (see  Fig.  307),  which  are  constructed 
st  like  the  first  half  of  the  4-sieve  jigs.*     Each  sieve  compartment  A  is  34^ 
and  16^  inches  wide,  net  size  inside  the  lining  P,  and  the  plunger 
s  B  are  34|  inches  long  and  14i  inches  wide,  net  size.     Beneath 
sieve  and  plunger  is  a  hopper  C  which  serves  for  connecting  the  two  and 
so' for  collecting  and  discharging  the  hutch  product.     For  convenience,  the 
px  of  the  hopper  is  brought  nearly  to  the  front  side  of  the  jig.     Near  the 
ex  of  each  hopper  is  a  spigot  which  consists  of  a  round  hole  D  %  inches  in 
imetcT  passing  through  the  plank  and  through  an  outside  plate.     This  hole 
is  a  plate  cover  E  outside,  which,  sliding  around  a  pivot,  serves  to  shut  off  or 
J  late  the  flow.    Between  each  sieve  and  plunger  compartment   is  a   con- 
'inal  partition  F  which  extends  down  12,  11,  10  and  9  inches 
v  the  sieves  JV'  and  serves  to  distribute  the  pulsion  from  the 
plnng*r  I'  evenly  over  the  sieve.    The  ends,  sides,  bottom  and  partitions  are 
It  huili  nf  ^J-inch  planks. 
Two  }\p^  are  placed  back  to  back  and  their  tanks  are  supported  and  bound 
timber  frames  of  which  there  are  thn^o  sets  on  the  2'Conipartment  jig  and 
on  the  4-compartment,     Each  set  consists  of  a  sill  0,  two  outside  posts  ff, 
[pcnter  p*>st  /  and  a  cap  */,     The  caps  scTve  as  supports  for  the  driving  mech* 
%\sm  and  while  the  post*;  lik^'wise  Nerve  tlii^^  purpose.  th*-y  are  also  made  to 
the  important   *  "  '      '  '  •  \  ^^  foi^eacb  set. 

* i^\u-\  >>■ 
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The  ecreon  frame  is  built  of  2 X  1-inch  strips  L  on  edge,  with  cross  bars  M 
i  inch  thick.  The  screen  N  is  tacked  to  the  top  of  this  and  the  whole  thing 
rests  upon  a  ledge  or  lining  0  of  J-iiic-h  boards  extending  all  around  the  com- 
partment. It  is  held  down  by  !}-inch  board  linings  or  cleats  P  above.  This 
arrangement  makes  the  surface  of  the  wall  of  the  compartments  nearly  continu- 
ous without  obstructions.  Between  each  sieve  and  the  one  following  is  a 
cross  partition  or  tail  board  R  4  inches  above  the  sieve.  The  top  of  the  parti- 
tion slopes  downward  toward  the  following  sieve,  which  is  placed  1  inch  lower. 
The  slope  is  such  that  the  ore  is  delivered  on  a  sieve  at  the  same  level  as  it 
leaves  it.  Before  the  first  sieve  is  a  dead  box  iS  16  inches  deep  and  8  inches 
wide,  which  serves  to  deliver  the  feed  quietly  to  the  whole  width  of  the  sieve 
through  a  slit  3  inches  high  and  G  inches  above  the  bottom.  A  gap  is  cut  at 
the  tail  end  of  the  last  sieve  and  a  spout  T  put  on  for  carrying  away  the  tailings 
from  the  whole  width  of  the  sieve. 

The  plungers  U  fit  loosely  in  their  compartments  and  are  made  of  five  thick- 
nesses of  3-inch  board.  The  second  and  fourth  layers  have  their  grains  at  90* 
with  that  of  the  others.  They  are  also  J  inch  smaller  in  length  and  width  to 
form  the  water  packing.  The  plunger  compartment  is  lined  with  }-inch  boards 
y  to  take  up  the  wear.  To  confino  tlie  swash  it  has  a  cover  W  of  1-inch  board 
with  a  hole  in  the  center  for  the  plunger  and  one  at  the  side  for  the  hydraulic 
water  pipe.  The  top  of  the  plunger  is  3  inches  below  that  of  the  sieve  when  at 
the  middle  of  its  stroke.  A  reciprocating  motion  is  given  to  each  plunger  from 
an  eccentric  X  through  a  1^-inch  eccentric  rod  Y.  The  plunger  is  attached  to 
the  rod  by  means  of  a  shoulder  and  washer  a  above  and  lock  nuts  and  a  washer 
h  below.  The  eccentrics  are  adjustable  to  give  anv  throw  from  0  to  2  inches 
and  are  all  placed  upon  the  same  shaft,  so  as  to  pulsate  approximately  together. 
Details  of  the  eccentrics  are  given  in  Figs.  306ci-306^^  The  shaft  rf  is  2^ 
inches  in  diameter  and  is  supplied  wuth  a  tight  and  a  loose  pulley  e,  each  24 
inches  diameter  and  4J  inches  face.  There  are  also  five  boxes  f,  one  on  each 
of  the  frames  and  there  are  two  collars  g  for  guiding  the  shaft. 

The  hydraulic  water  is  put  in  on  top  of  the  plungers  and  is  distributed  to  each 
compartment  from  a  trough  h  running  the  whole  length  of  the  jig  on  the  longi- 
tudinal partition,  in  the  bottom  of  which  are  nipples  %  of  IJ-inch  pipe  covered 
by  sliding  gates  k  for  regulating  the  quantity. 

The  discharge  for  coarse  concentrates  consists  of  an  iron  pen  I  which  acts 
as  a  gate  for  them  to  pass  under  and  a  pipe  m  which  acts  as  a  dam  for  them  to 
pass  over.  The  pipe  may  be  slid  into  the  wall  of  the  jig,  thereby  adjusting  the 
height  of  its  inlet  end.  The  details  of  the  discharge  are  given  in  Figs.  306k 
and  306i. 

§  386.  The  Collom  Jig.— (See  Figs.  308a-308c.)— This  is  an  accelerated  jig; 
formerly  made  of  wood,  but  now  generally  made  of  cast  iron.  As  made  by 
Charles  J.  Hodge,  the  iron  jig  tank,  f  inch  thick,  is  rectangular  above  with  two 
hoppers  A  A  below.  In  each  hopper,  the  side  B  next  to  the  plunger  slopes  43**, 
the  other  three  sides  slope  60**,  down  to  a  base  4  inches  square.  The  upper 
part  of  the  tank  is  divided  by  two  longitudinal  partitions  CC  of  f-inch  iron 
into  three  nearly  equal  parts ;  the  two  outside  ones  are  for  the  two  sieves,  each 
24X36  inches,  while  the  center  part  is  again  divided  by  a  cross  partition  D  of 
iron  into  two  parts,  each  22X17 J  inches,  for  the  two  plungers.  Each  sieTe 
has  its  own  plunger  and  the  bottom  of  each  plunger  compartment  is  closed 
by  a  horizontal  partition  covering  about  f  of  its  area ;  the  remaining  J,  which 
is  9JX10J  inches,  is  left  open  to  convey  out  the  impulse  to  its  sieve.  This 
restricted  opening  is  for  the  purpose  of  distributing  the  pulsion  to  the  more 
distant  parts  of  the  sieve.  The  hydraulic  water  is  introduced  into  the  hutch 
through  either  of  the  openings  at  E,  but  generally  tft  the  head  end.    It  will 
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be  noticed  that  the  plunger  for  one  sieve  is  adjacent  to  the  head  half  of  tlie 
sieve,  and  for  tlie  oilier,  lu  the  tail  half.  In  consequence  of  Uiis  arrangement, 
the  two  sieves  are  called  head  plunger  sieve  and  taii  plunger  sieve  resptn lively. 
The  plunger  movement  consibls  of  a  vertical  rod  F  attached  to  the  phinger 
P,  running  in  upper  and  lower  guides  GO,  A  lielieal  spring  //,  in  state  of 
compression,  rests  on  the  lower  guide  and  presses  upward  against  a  collar  / 
on  the  rod  by  which  it  lifts  the  plunger  during  suction.  This  collar,  by  strik- 
ing the  upper  guide,  limits  the  upward  Journey  of  the  phinger.  At  the  top  of 
the  rod,  a  cap  K  and  a  lock  nut  are  placed  and  upon  the  cap  a  rubber  buffer 
which  takes;  the  blows  of  the  haumien  These  blows  give  tbe  pulsion  to  the 
sieve.  The  two  hea\7  hammers  LL  are  at  the  ends  of  tlie  amis  of  a  double 
oscillating  hell  crank.  The  amount  of  the  blow  and,  therefore,  of  the  pulsion, 
can  be  varied  by  raising  or  lowering  the  cap.     Washers  may  be  put  beneath  or 
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above  the  spring  to  increase  its  compression  in  case  a  quicker  mowment  during 
suction  is  desired.  The  lower  guide  is  sometimes  made  adjustable  for  this  same 
purpose.  The  oscilhiiing  bell  crank  is  driven  by  a  shaft  with  tight  and  loose 
pulleys,  fly-wheel,  crank  and  connecting  rod.  For  most  places  in  tbe  mill,  two 
or  three  jiggir»g  tanks  are  connected  by  aprons  (see  Fig.  309).  Power  is  trans- 
mitted from  the  bell  crank  of  the  first  by  connecting  rod  to  that  of  the  second, 
id  in  the  same  way  from  the  second  to  the  third.  The  sieves  on  each  side  act 
Ogether  in  tandem  connection,  the  second  re-treating  the  tailings  of  the  first 
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and  the  third  of  the  second.  The  two  sides  are^  therefore^  in  effect  two  sepa- 
rate jigs  with  two  or  three  compartments,  and  may  be  treating  two  separate 
products,  each  with  its  own  special  adjustments.  The  author  has  treated  them 
as  such  in  every  case. 

The  eccentricity  of  the  crank  (see  Fig.  3086),  is  li  inches;  the  length  of 
the  vertical  and  horizontal  arms  of  the  bell  crank  are  8J  inches  and  9i  inches 
respectively,  giving  the  total  movement  of  the  hammer  to  be  2.72  inches.  The 
plunger  throw  used  in  the  mills  ranges  from  f  inch  to  -^  inch.  The  hammer, 
therefore,  strikes  its  blow  when  very  near  the  end  of  its  stroke,  but  its  motion 
is  sufficiently  rapid  to  give  a  quick,  sharp  down  stroke  to  the  plunger^  and  since 


PIG.  308a. — END  VIEW  OF  COLLOM  JIG. 


FIG.  308&. — BIDS  sBonoir. 


FIG.   308c. — PLAN. 

the  spring  returns  the  plunger  slowly,  it  is  an  accelerated  jig.  On  account  of 
the  difficulty  of  lifting  a  heav>'  jigging  bed,  the  tail  boards  of  this  jig  are  set 
low.     T^hey  vary  in  the  mills  from  3  to  3^  inches  in  height. 

The  advantages  of  the  CoUom  jig  are:  (1)  It  is  an  accelerated  jig,  reducing 
the  speed  during  suction,  preventing  the  blinding  of  the  sieve  and  the  fonna- 
tion  of  hard  banks.  This  probably  actually  diminishes  suction,  owing  to  the 
leak  of  the  plunger  and  the  inflow  of  the  hydraulic  water  beneath  the  sieve. 
(2)  The  throw  can  be  adjusted  in  a  moment  while  the  jig  is  at  work,  placing 
this  among  the  frequently  used  adjustments.     (3)  The  wnole  machine  is  opa 
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'        from  obRtfUCiiOTiB  «na  very  handy  to  work.     Tlieee  advantages  are 
by  a  sacrifice  of  pIuDger  area  and  by  a  restriction  of  the  opening  be- 
\t^u  the  plunger  and  sieve  compartments. 

In  Mill  35  Collom  ancl  Ilorz  jigs  have  been  run  side  by  side  and  the  follow- 
ing Qpimon&  are  given  a&  a  result:  The  Collom  jig  uses  more  water  than  the 
IvkTz  and  Ijas  less  capacity,  four  Harz  jigs  being  thought  to  do  the  work  of 
light  Colloms.    The  Colbm  jig  has  a  higher  running  cost,  owing  to  springs 
rhich  have  to  be  frequently  replaced. 
At  Lake  Superior  the  roughing  jigs  probably  do  quite  as  much  work  as  would 
Harz  jig  if  similarly  placed,  while  the  fine  finishing  jig.s  do  less  than  any  Harz 
lown  to  the  author,  but  there  are  no  Harz  jigs  doing  that  class  of  work  with 
which  to  make  a  fair  comparison. 
The  uee  of  the  Collom  jig  is  restricted  to  certain  localities.    It  is  used  ia 
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wo.   309.^ — WOODEK  COLLOM  JIO  BHO WING  TANDEM   CONNECTION. 

Mill  35  and  at  Broken  Hill,  Australia*  upon  silver  lead  ores,  in  Mill  42  upon 
opper  silver  ores,  and  in  Mills  44,  45,  46,  47  and  48  upon  native  copper, 
lile  it  is  standard  in  all  these  mills  except  35,  its  use  does  not  seem  to  be  on 
increase.  In  fact  there  is  a  tendency  even  nt  Lake  Superior  in  working  the 
Dame  material  to  design  new  jigs  which  shall  have  the  advantage  of  the  Col- 
i>ra,  but  have  the  more  positive  motion  of  the  Harz  jig.  while  on  the  finer 
material  they  are  being  driven  ont  in  many  cases  by  tables  of  the  Wilfley  tirpe. 
"  387.  Modifications  of  the  Collom  Jig, — In  Mill  13  the  Collom  jig  is 
\eA  as  a  single  compartment  jig,  that  is,  two  sieves  are  mounted  in  one  tank, 
by  fride.  and  the  tailing  are  wa^te  after  passing  over  one  sieve.  The  tail 
*i»  5  inches  high  and  the  machines  are  jigging  grains  up  to  }  inch  in 
ter,  all  of  the  concentrates  going  into  the  hutch-  Owing  to  the  extraor- 
heavy  work,  the  common  helical  springs  of  steel  or  bra?9  gave  great 
mSL  fl^^tlffl?§  as  many  as  six  per  day  on  eight  $ieye&,     K  ^^\.  %\ft^ 
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PIO.  310a. — ELEVATION 
OF  DUDLEY  SPRING 
AT  MILL  13. 


FIO.  3106.— PLAN. 


FIG.      311.— EVANS      Jie 
HBOHANIBIC 


FIO.  312a. — LONGITUDINAL  SECTION  OF  THE 
PARSONS   AND   FISHER   JIG. 


FIG.  3126. — TRAX 
8E0TI0N. 
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FIG.  312c. — ^TOP  VIEW, 


FIG.  312d.— SBcnc 

TOP  VIEW  Of  I 


A.  Jig  Box.  F.  Piston  Plates.  K,  Spade  Handle.  O.  Shaft. 

B.  Screen  Frames.  O,  Piston  Rod.  L,  Pitman.  P.  Journal  Bos. 

C.  Tailing  Spout.  H,  Stuffing  Box.  Jf.  Eocentrio.  Q.  Pulley. 

D.  Jig  Cylinder.  /.  Gland.  K  Yoke.  R,  Looee  Collar. 

E.  PockmgRing.  J.  Guide  Box. 
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gring  (*i€e  FigB.  SlOa  and  310b),  invented  by  A.  P.  Dudley,  has  been  adopted, 
'eh  lasts  six  monthe.     This  ie  a  flat  steel  gpring  with  both  ends  forked  and 
be  two  ends  placed  under  the  lock  nuts  of  the  two  plungers,     Tlie  spring  rests 
a  fulcTura  at  ^4  midway  between  the  plungers.     At  A  the  width  of  the  spring 
2|  inches,  while  the  thickness  for  heavy  work  is  |  inch  and  for  light  work, 
inch.     At  B  the  width  and  thickness  are  1^  and  i  inches  respectively.     It 
will  be  seen  that  the  blow  of  the  hammer  upon  one  plunger  rod  causes  the  spring 
react  and  lift  the  other.     This  modifies  the  return  velocity  of  the  plunger 
causing  the  repose  at  the  lowest  point  perhaps  to  be  slightly  longer  and  the 
Bturn  to  be  at  a  higher  speed. 

In  Mill  43  the  expense  of  the  springs  suggested  the  following  experiment: 
One  collar  was  attached  by  a  set  screw  to  the  neck  of  the  hammer;  a  second  in 
the  same  manner  to  the  plunger  rod ;  a  connecting  rod  with  pin  joints  connected 
these  two  collars  to  each  other.  This  device  caused  the  plunger  to  rise  with 
the  hammer  and  did  away  with  the  spring  and  with  the  accelerated  and  retarded 
motion  of  the  Collom  jig,  making  it  virtually  a  Harz  movement.  This  arrange- 
ment not  only  saved  the  cost  of  springs^  but  it  caused  the  jigs  to  do  better  work. 
The  Evans  jig>  used  in  Mill  38^  is  a  Collom  jig  which  has  been  modified  so 
as  to  get  a  rectilinear  motion  (Harz  type),  (see  Fig.  311),  consisting  of  an 
adjustable  eccentric  A,  a  friction  ring  B,  two  horizontal  cross  bars  C,  one 
above  and  one  below,  with  sliding  bearing?,  two  plunger  rods  D  held  to  the 
cross  bars  by  lock  nuts  E  and  running  in  four  guides  F,  and  held  to  the 
plunger  P  by  nuts  0  above  and  below.  The  shaft  S  runs  across  above  the  center 
of  the  two  plungers  and  drives  them  both  in  opposite  phases  of  the  movement. 
The  jigging  tank  is  divided  by  longitudinal  partitions  into  halves  below,  and 
ito  four  parts  above*  The  under  parts  consist  of  two  hoppers  leading  to  the 
pigots.  The  upper  divisions  consist  of  two  sieve  compartments  outside  and 
ro  plunger  compartments  inside;  the  latter  are  half  the  width  of  the  former, 
at  are  of  the  same  length.  It  will  be  seen,  therefore,  that,  unlike  the  Collom 
he  sieve  receives  sjTnmetrical  action  of  the  plunger  throughout  its  entire 

jiarles  J.  Hodge,  of  Lake  Superior,  has  designed  two  jigs,  both  of  which 
ive  much  the  same  arrangement  of  sieve  and  plunger  compartments  as  the 
tvans  jig:  one  form  has  the  Harz  plunger  motion;  the  other  has  a  positive  accel- 
rated  and  retarded  motion  obtained  by  the  disc  transmission  (see  §  410). 

§388.  The  Parsons  axb  Fisheb  Jig. — (See  Figs,   312£^312rf.)— This  in 

effect  belongs  to  the  Harz  type.     It  is  mounted  in  pairs  of  two  jigs  with  two 

sieves  each,  four  sieves  in  all,  in  one  tank.     The  net  jigging  size  of  the  sieves  is 

22X37  inches.     The  plungers  are  arranged  to  do  away  with  the  plunger  com- 

partmentri  by  placing  a  plunger  for  each  jig  in  the  vertical  partition  between  its 

two  sieves.     This  plunger  is  circular  and  executes  its  reciprocating  motion  in 

short  cast  iron  cylinder,  15^  inches  in  diameter  and  4  inches  long,  built  into 

be  partition.     It  is  driven  by  a  horizontal  piston  rod  coming  in  through  a 

luffing  box  in  the  head  end  of  the  hutch  of  the  first  sieve,  connected  to  an  eccen- 

ric  through  a  cross  bead  and  connecting  rod.     The  pistons  of  the  two  jigs  are 

iriven  from  the  same  shaft  by  one  pulley  and  belt.     The  piston  is  of  wood  1 

inch  thick,  made  tight  by  a  steel  spring  packing  ring  and  iron  follower^^.     On 

|t«  forward  motion  it  gives  pulsion  to  the  second  sieve  and  suction  to  the  fir.^t ; 

Vn  its  return  motion  the  effects  on  the  two  sieves  are  reversed.     The  hydraulic 

water  is  admitted  into  both  hutches  ond  not  into  one  only  as  shown  in  Fig.  312c. 

This  jig  is  used  as  the  No,  4  jig  in  Mill  24  and  as  the  No,  1  jig  in  Mill  25. 

In  the  latter  ease  it  has  two  spigots  in  each  hutch.     One  is  \  inch  in  diamofer 

and  flows  continuously.     The  oth**r  is  1  inch  in  diameter  and  is  drawn  down 

oeoafionaUy  to  let  out  the  ore  that  has  collected.     In  this  mill  the  iig  is  t*iA 
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with  unsized  product  passing  through  a  6-mm.  round  hole  and  treats  10  tons 
per  24  hours,  using  a  sieve  with  holes  2.8X3.0  mm.  It  uses  in  the  hutdhes 
of  a  single  jig  25,000  gallons  of  water  in  24  hours,  and  for  feed  water,  23,000 
to  26,000  gallons. 

The  advantage  of  this  jig  is  its  economy  of  space,  and  it  is  probably  the 
handiest  jig  on  the  whole  list  to  work  around.  The  disadvantages  are  the 
troublesome  wear  of  the  piston  and  stuffing  box,  both  of  which  have  to  work  in 
gritty  water,  and  the  inaccessibility  of  the  piston. 

§  389.  McLanaiian's  Jig  has  no  acceleration.  It  is  a  single  sieve  jig  for 
jigging  iron  ore.  As  shown  in  Fig.  313,  it  has  a  circular,  tight  fitting  plunger-4 
at  the  head  end  of  the  sieve  instead  of  at  the  side.  Thje  lattice  bars  B  support- 
ing the  sieve  are  given  a  elope  upward  toward  the  tail  of  the  sieve,  which  causes 
the  pulsion  water  to  convey  forward  the  ore  at  the  same  time  that  it  lifts  it 
The  concentrates  pass  out  at  the  tail  end  through  two  gate  and  dam  discharges 
to  a  compartment  below,  from  which  they  are  drawn  periodically  by  a  gate. 
The  tailings  flow  with  the  water  direct  to  another  compartment  below  from 
which  they  are  withdrawn  by  a  bucket  elevator,  while  the  water  flows  around 
the  side  of  the  jig  to  the  head  end  and  is  there  drawn  into  the  hutch  through  a 


w^ydbg^^ 


FIG.    313. — LONGITUDINAL   VERTICAL   SECTION   OF   MCLANAHAN's   JIG   AND  TANK. 


check  valve  V  by  the  suction  of  the  plunger.  It  is,  therefore,  a  true  pulsion 
jig.     Four  sieves  are  generally  mounted  in  one  tank. 

§  390.  Circular  Jigs. — The  Bilharz  circular  plunger  jig  uses  direct  eccentric 
motion.  It  is  designed  for  slimes.  This  has  a  circular  jigging  tank  with  an 
annular  sieve  2.35  m.  outside  diameter  and  a  central  plunger  0.880  m.  in  diame- 
ter, and  makes  180  strokes  per  minute.  The  hutch  is  cylindrical  outside,  while 
in  its  center  is  a  truncated  cone  whose  lower  base  is  equal  to  the  base  of  the 
cylinder.  The  ore  is  fed  by  a  central  distributor  all  around  the  inner  circum- 
ference of  the  sieve,  and  tailings  discharge  around  the  outer  circumference.  It 
treats  12  to  14  tons  (dry  weight)  of  slime  in  10  hours.  The  advantage  of  this 
form  of  jig  is  its  compactness.  The  disadvantage  is  that  a  series  of  sieves  for 
making  a  series  of  products  is  impossible.  It  does  not  seem  to  have  found 
favor  either  in  this  country  or  in  Europe. 

R.  Hunt"  describes  a  form  similar  to  the  Bilharz,  which  he  calls  a  slime  or 
huddle  jig.  The  outer  diameter  of  its  sieve  is  9  feet,  and  of  its  plunger  3  feet. 
It  has  a  sieve  with  1^-mm.  holes,  and  its  bottom  bed  consists  of  ^inch  stuff,  34 
inches  deep.  For  slime,  with  scarcely  a  sandy  feel,  the  piston  stroke  should  k 
about  i  inch  and  the  number  not  less  than  300  per  minute.     Its  capacity  is 
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nearly  douWe  that  of  a  rorad  buddle  25  feet  in  diameter  and  its  tailings  arc 
cleaner.     It  uses  18  gallons  of  clear  water  per  minute. 

A  circular  jig  was  used,  as  jigs  No,  t>  and  No.  7,  in  Mill  42,  for  re-treating 
tailings  of  the  coarser  claBstfier  jigs;  it,  however,  has  been  replaced  by  CoUom 

jigs* 

§  391.  The  Baum  Jio. — (See  Fig,  314.) — This  is  an  accelerated  jig,  used  for 

il.  It  has  plunger  compartment  A  and  »ieve  compartment  B,  but  subs^titutes  for 
be  plunger  the  action  of  compressed  air  directly  upon  the  surface  of  the  water. 
Tie  return  of  the  water  is  by  gravity.  This  gives  a  pulsion  of  the  desired 
rength  with  little  or  no  sue- 
on.  The  admission  and  ex- 
lufit  of  compressed  air  is  by 
[piston  valve  a  operated  by  an 
bcentric*  The  valve  is  spe- 
ially  designed  to  give  full 
fining  during  pulsion  and  an 
istant  of  closure  between  the 
lose  of  admission  and  the 
^  Boing  of  exhaui?t,  during 
rhich  the  air  can  expand.  The 
number  of  strokes  per  minute 
varies  from  50  to  75  for  coarse 
coal  and  75  to  100  for  fine. 
The  air  pressure  is  40  to  50 
pounds  per  square  inch, 
~  Its  advantages  are  that  the 
of  water  is  accelerated 
during  the  whole  stroke,  and 
ae  amount  of  suction  is  small ; 
disadvantages  are  that  the 
fig  requires  both  pipes  and 
shafts  for  its  power  connec- 
3ns,  and  the  slow  speed  would 
against  it  for  use  on  ore  in 
ncrican  mills, 

§  302,  Francou  Jig. — This 
is  an    accelerated,    steam    jig 
phich,  instead  of  using  an  ec- 
tttric,  has  a  nicely  fitted  pis- 
)n  and  cylinder  to  impart  the 
lotion  to  the  water,  and  the 

Iston  rod  connects  directlv  with  a  steam  piston  and  cylinder  above,  which  lifts 

ke  jigging  piston,  and  allows  it  to  fall  by  gravity.     Additional  weights  are 

ld<Hi  as  needed.     The  claim  is  constant  pressure,  so  that  if  the  jig  bed  is  tight 

are  is  loss  action;  if  loose,  more  action.     The  author  doubts  the  wisdom  of 

departure  from  the  positive  action  of  an  eccentric,  as  the  cost  of  running 

B  engines  distributed  about  a  mill,  is  not  an  economical  use  of  power. 

Haxd  Jigs  with  Fixed  Sieves. — A  fixed  sieve  jig  run  by  hand  has  been 

tried  in  France  for  washing  coal.     Small  testing  jigie  with  fixed  sieves  and 

driven  by  hand,  are  used  to  some  extent  in  this  country  and  are  described 

mider  Testing  in  Chapter  XXI. 

§393.  The  Utshh  Jio  is  an  accelerated,  multi-sieve  jig,  each  sieve  having 
Ha  oirn  side  plunger.  The  sieves  each  slope  a  little  in  the  direction  of  motion 
of  the  ore  anrl  ihpvp  is  a  slight  (Irop  from  one  to  the  next*    \\:fe\.^'^i  «A  Vw>i»%1 


FIG.  314. — END  VIEW  OP  THE  BAUK  JlQ, 
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the  lightest  portion  pass  from  an  earlier  to  a  later  sieve  over  a  tail  board,  the 
heavier  grains  pass  on  beneath  a  gate.  The  jig  is  therefore  le-treating  the 
heavier  product  at  each  successive  compartment,  instead  of  the  lighter,  as  is 
usual  with  jigs.  The  successive  top  layers  are  removed  by  devices  working  on 
the  principle  of  the  gate  and  dam  discharge  (see  §  432),  so  arranged  that  the 
first  shall  take  the  lightest  and  the  last  the  heaviest  grains,  and  the  others  graded 
between.  The  machine  is  described  as  being  tried  at  Ammeberg,  Sweden,  in 
competition  with  a  Harz  jig,  and  the  latter  proved  slightly  more  advantageous, 
owing  to  its  easier  repairs  and  higher  capacity^  It  is  mentioned  here  simply 
to  illustrate  the  principle. 

§  394.  Undeb-Piston  Jigs. — In  these  jigs  the  whole  bed  is  moved  only  dur- 
ing pulsion.  These  have  a  horizontal  piston  beneath  the  sieve  oscillating  ver- 
tically. Either  the  hydraulic  water  is  admitted  beneath  the  piston  and  passes 
up  through  check-valves  in  the  piston,  thereby  cutting  down  suction,  an  instance 
01  which  is  the  machine  described  by  Rittinger,  or  the  hydraulic  water  is  ad- 
mitted above  the  piston  and  the  latter  has  no  check-valves ;  of  this  the  Diescher 
coal  jig  is  an  instance  used  at  the  present  day  in  this  country.  In  both  cases, 
the  piston  is  constructed  with  a  few  small  holes,  so  that  any  material  that  passes 
through  the  sieve  can  pass  down  through  the  piston  continually  or  be  drawn 
down  intermittently.  This  form  of  jig  guarantees  an  even  pulsion  all  over  the 
sieve  and  it  is  compact,  but  the  plunger  is  not  easily  accessible. 

Rittinger's  jigging  piunp  (setzpumpe)  is  an  under-piston  jig  having  a  tight 
fitting  piston  with  valves  in  it  to  let  water  up  through,  and  valves  below  to  pre- 
vent a  backward  flow,  thereby  making  it  a  pulsion  jig  with  no  suction  whatever. 

§395.  The  Siphon  Separator  (Heberwdsche),  used  at  Mechemidb,  is  a 
continuous  hindered  settling  washer.  As  shown  in  Figs.  315a-315c  this  ap- 
paratus resembles  the  deep  pocket  classifiers  in  having  deep  pits  for  concentra- 
tion placed  in  the  bottom  of  a  conveying  trough.  It  differs  from  those  classi- 
fiers in  having  vertical  sides  to  the  pocket,  in  having  the  pocket  and  the  sorting 
column  one  and  the  same,  in  having  a  restricted  intermittent  discharge  from  the 
spigot,  and  finally,  as  a  result  of  all  these,  and  a  more  conspicuous  difference 
than  all  the  rest,  namely,  in  having  the  whole  pocket  filled  with  sand  which  is 
being  sorted  under  hindered  settling  conditions,  by  a  continuous  upward  cur- 
rent distributed  over  its  whole  area. 

The  apparatus  is  a  tank  made  of  boiler  iron  attached  beneath,  and  by  the 
aide  of  the  conveying  trough  Q.  The  tank  has  two  main  compartments:  B, 
the  pocket,  and  E  the  water  reservoir.  At  the  bottom  of  the  pocket  B  is  a 
Bcreen,  bb,  made  as  a  fiat  hopper  for  admitting  water  from  E  to  B  and  te 
preventing  the  sand  in  the  pocket  from  finding  its  way  into  E.  At  the  apex  of 
this  hopper-shaped  sieve  is  a  pipe  q,  venting  into  a  launder  r,  with  a  plug  p,  to 
clear  it  out  if  it  becomes  clogged.  This  pipe  g,  has  a  plug  v,  which  closes  or 
opens  it  for  the  passage  of  sand  or  water.  The  hydraulic  water  is  fed  in 
through  the  cock  a,  into  the  small  compartment  A  of  the  tank,  the  plunger 
stream  being  broken  by  the  screen  u;  thence  it  fiows  up  through  B,  doing  the 
work  of  sorting.  When  the  accumulation  of  heavy  ore  upon  the  sieve  b,  be- 
comes so  great  as  to  hinder  this  current,  the  fioat  /S,  in  the  little  compartment  C 
rises  and  operates  the  lever  h,  on  the  pivot  i,  opening  the  plug  v,  by  Uie  rod  dv, 
and  thereby  discharging  the  accumulation  of  concentrates.  This  act  loosens 
the  sand  bed  in  B,  relieves  the  pressure  in  Ej  allows  the  fioat  8^  and  the  plug  v, 
to  return  to  their  places  and  the  period  of  accumulation  to  start  again.  The 
two  adjustments  are  the  hydraulic  water  a,  which  regulates  the  amount  of 
sorting,  and  the  rod  /  of  the  fioat  S,  which  causes  the  fioat  to  be  lifted  by  little 
or  much  accumulation  of  concentrates,  as  may  be  desired.  The  apparatus  may 
have  one,  two  or  three  pockets,  as  desired. 
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and  overflow  to  pointed  boxes.    The  water  used  is  45  cubic  meters  per  hour. 
In  the  washing  and  re-washing  at  these  works^  there  are  124  of  these  used. 

It  has  remarkably  high  capacity  and  low  cost^  and  on  material  free  from  in- 
cluded grains,  does  work  equal  to  a  pulsion  jig,  that  is  to  say,  a  jig  which  has 
no  suction.  It  has  not  yet  found  its  way  into  mills  in  the  United  States,  but 
the  position  of  the  intermediary  jig  would  be  a  natural  place  in  which  to  try  it 

General  Considerations  of  Jigs. 

The  jigs  just  described  represent  leading  types  of  good  modem  practice,  to- 
gether with  others  which  are  inserted  simply  to  illustrate  principles.  Consider- 
able variation  is  found  in  certain  of  the  details  'and  the  engineer  will  welcome 
the  opportunity  to  select  from  these.  To  meet  this  demand,  the  following  re- 
marks are  made. 

§  396.  Frames. — ^Wooden  frames  are  generally  used  on  the  Harz,  the  slid- 
ing block  and  the  crank  arm  jigs  (see  §  408  and  §  409),  to  bind  the  jig  tank 
together  and  to  support  the  mechanism.  There  is  one  more  set  than  there  are 
sieves  of  the  jigs.  Each  set  consists  of  a  cap,  two  posts,  or  three  posts  where 
two  jigs  are  framed  together  back  to  back,  and  a  sill,  all  notched  and  bolted 
together  and  further  strengthened  by  horizontal  tie  rods.  The  dimensions  of 
these  pieces  in  some  of  the  mills  are  shown  in  Table  269. 


TABLE   269 

. — FRAMES  AND  TIE   RODS. 

MiU  No. 

Number  of 
Sieves  in  Jig. 

Size  of 
Cap. 

Sixeof 
Posts. 

Size  of 
8UL 

Number  of 

Tie  Boda 

Used  per  Set 

Diameter 
ofTieBodi. 

g 

iDches. 
6x10 
6x8 
4x  6 
6x  8 
6x  8 

Inches. 
6x6 
4x6 

(a)  8x4 
6x6 
6x6 

(6)6x6H 

Inches. 

iDCbflS. 

16  (coArae  jig) 

6x6 
4x4 

6x6 

6x6 

5«x7U 

4 

8 

(c)Noiie. 

8 

2 

15  ^flne  Jiirt.T. 

} 

80 

^ 

87 

(a)  This  Jig  has  also  a  8x4-inch  poet  at  either  end  of  its  longitudinal  partition  connected  by  two  tie  rods 
M  inch  in  diameter.  (6)  In  this  mill  two  jigs  are  framed  together  so  that  each  set  has  a  third  post,  A^zQi 
inches  (see  Figs.  306a^^06c).  (c)  The  posts  are  very  solidly  mortised  and  bolted  to  the  cap  and  wl,  ao  that  no 
tie  bolts  are  used. 


Cast-iron  frames  are  sometimes  in  part  substituted  for  wooden  frames  by 
putting  iron  standards  npon  all  the  cross  partitions  and  on  the  two  ends.  They 
are  bolted  at  the  ends  down  to  the  sills  below,  and  serve  to  support  the  eccentric 
shaft.  While  these  are  neater  to  look  at  and  make  the  sieves  more  open  and 
easy  to  approach,  they  do  not  furnish  buckstaves  for  the  tank.  This  deficiency 
is  in  part  made  up  by  several  tie  rods  running  through  the  cross  partitions  from 
side  to  side.  The  planks  of  the  tank  are  too  thin  to  support  properly  the  stand- 
ards. The  author,  however,  is  unable  to  quote  a  single  instance  of  this  being 
used  on  a  Harz  jig,  although  it  has  been  noticed  in  a  few  instances  on  accelerated 

Jigs- 

§  397.  Materials  for  Jig  Tanks. — Wood  is  the  usual  material.  Soft  wood 
is  more  commonly  used  than  hard.  It  is  generally  put  together  with  tongue 
and  groove  joints  and  is  held  together  and  supported  by  the  frame.  The  thick- 
ness of  planks  used  in  most  cases  is  2^  or  3  inches ;  sometimes  as  low  as  2  inches, 
or  even  less  is  found,  but  it  is  not  to  be  recommended  except  for  light  work. 
The  Cooley  jig  used  in  Southwest  Missouri  rind  in  Mill  92,  is  built  up  of  2X4- 
inch  soft  pine  planks  spiked  flat  one  upon  the  other,  and  dovetailed  at  the 
corners  and  partition  joints. 

Cast  iron  jig  tanks  for  the  Collom  jigs  (see  Pigs.  308a-308c)y  are  used  in 
Mills  44,  47  and  48,    CYiailea  3  •  Tlo^^^'^  t\k^  \\%  wvd  the  Feiraris  jig  (see  Fig. 
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pM),  ukihI  at  Mutu^pmn,  Sardinia,  both  have  cast  iron  tanks,     Plate  iron  tanks 
re  used  in  the  Baum  coal  jig  (see  Fig.  314).     The  use  of  phite  iron  requires 
cial  care  in  riveting  corners  with  angle  iron,  owing  to  the  constant  jar  and 
Peking  action  of  the  plunger  movement.     Mine  w^aters^  are  often  acid  and  when 
[ley  are  used  in  the  mill,  frequent  applications  of  paint  are  needed  to  protect 
tie  iron  sufficiently  to  prevent  its  decay.     The  cutting  off  of  forests  is  proceed- 
so  rapidJy  that  the  use  of  cast  iron  or  plate  iron  for  jigs  will  probably 
■increase. 

§398,  Hptchbs. — The  development  of  the  modern  jig  may  thus  be  traced: 
\e  first  continuous  jig  (Fig.  31fi),  had  a  square  tank  and  a  longitudinal  par- 
tition extending  but  little  below  the  sieve.  The  bed  was  treated  very  unevenly; 
the  inner  part  was  too  active,  the  outer  too  stagnant,  Gyide  boards  (Fig.  317), 
to  catch  and  appropriate  proportional  amounts  of  pulsion  for  each  part,  im- 
'jroved  it  A  rounded,  tubular  tank  (Fig,  318),  improved  it  still  more,  but  was 
Dstly.  The  inner  cylindrical  bend  was  replaced  by  a  straight  partition  (Fig. 
P19),  diminishing  expense  and  still  retaining  the  improved  quality.  The  last 
ro,  however,  were  found  to  bank  with  sand  to  a  hopper  form,  as  indicated. 


mJh 


^^^^[^ 


Fio,  316,     Fio.  317,      FIG.  318,      fig.  319.     wq.  320.     Fio,  321. 

the  next  step  was  to  make  the  hopper  of  wood  (Fig.  320),  and  at  the  same 
bme  the  importance  of  elevating  the  sieve  Fomc  distance  above  the  bottom  of 
ae  partition  (see  §  39€),  and  of  depresi^ing  the  piston  below  Iho  sieve  (see  §402), 
««  recognized.  Finally,  the  side  hopper  for  diaharging  the  hutch  near  the 
ont  margin  (Fig.  321),  was  devised.  This  last  appears  to  be  the  Harz  jig  of 
3tty,  although  there  are  many  more  of  the  regular  hoppers  still  in  use  than 
the  Ride  hoppers,  A  few  of  the  cylindrical  bottomed  jigs  also  are  still  in  use. 
It  should  be  said  that  the  end  parts  of  the  hopper  are  generally  used  with  the 
ide  parts,  but  they  are  left  out  of  the  cylindrical  bottomed  jigs.  In  case  they 
"are  omitted,  two  spigots  for  each  hutch  should  be  used,  as  otherwise,  sand  banks 
will  fill  in  and  make  sand  hoppers.  Mill  18,  however,  has  side  parts  of  the 
hopper  only  with  but  one  spigot. 

Mill  30  has  a  rectangular  hutch  with  only  an  inclined  partition  extending 
from  the  spigot  part  way  across  the  hutch. 

Mill  22  has  a  side  hopper  with  the  rear  angle  between  the  sloping  bottom 
cid  the  vertical  side  replaced  by  a  cylindrical  surface,  the  center  of  the  cylinder 
eing  at  the  bottom  of  the  longitudinal  partition.  It  is,  in  fact,  a  side  hopper 
aodified  by  a  cylinder. 
The  Stut?:  coal  jig  has  a  false  bottom  or  hutch  wiUi  holes  in  it  through  which 
ime  may  settle  to  the  true  hutch  below.  This  clarifies  the  hydraulic  water 
which  is  used  over  and  over  again. 

The  slope  of  the  hutches  in  a  few  of  the  mills  is  given  in  Table  270.     In 

TABLE  270. — SLOPE  OF  JIG  HUTCHES. 


P                 MiO  Ho, 

Slope  of 

Slope  of   ' 
Sides, 

MfH  No, 

Slope  of 

Ends. 

^X"* 

j{(                      ,,•■•  

DegrewL 
4fi 

53 
45 

as 

89  ftwo-eif»ve  Mtti 

m 

De^jj«^ 

r            :i.. - 

8!l  (Fnraopa).  .....••. 

AB 

ao.. ..,.,,.. 

60 

K  rtiLnN»^iP«^*)fibV//,!:^*I.\'i. 

97  fcoarse jfjc) 

87  <nii#»  lie)  fa> .... 

40^50 

{a}  See  Fl^ii.  WHSo^&S^ 


524 


ORE  DBE88ING. 


399 


regard  to  the  slope  of  hutclies^  it  is  probably  true  that  a  much  smaller  dope  can 
be  used  safely  in  these  than  in  classifiers  without  trouble  from  the  material  lodg- 
ing on  the  sides,'  owing  to  the  fact  that  the  oscillations  of  the  plunger  wato 
tend  to  move  the  grains  on  a  slope,  where  without  them,  they  would  remain  at 
jrest.  For  example,  in  Mills  16  and  22,  bottom  slopes  of  35®  and  20**  respec- 
tiyely  are  used.  The  author  cannot  state  positively  that  sand  does  not  lodge 
on  these  gentle  slopes,  but  the  jigs  are  doing  good  work  and  giving  no  trouble 
from  plugging  of  hutch  spigots. 

§  399.  Longitudinal  Partition. — The  depth  of  this  partition  below  the 
sieve  is  a  very  important  consideration.  If  not  deep  enough,  the  action  is 
uneven  upon  the  whole  bed;  the  pulsion  is  too  strong  on  the  side  next  to  the 
partition,  too  weak  on  the  farther  side;  if  too  deep,  unnecessary  height  and 
clumsiness  are  given  to  the  jig.  The  depths  in  the  mills,  as  shown  in  Table 
271,  range  from  3  inches  in  Mill  20  up  to  12  inches  in  Mills  9,  15,  22  and  37. 

In  Mill  38,  8  inches  depth  for  a  sieve  24  inches  wide,  that  is  to  say,  a  ratio 
of  0.333,  was  found  to  be  too  little  for  the  coarser  sizes,  but  to  work  satisfac- 
torily for  the  finer.  Also  for  the  Evans  jig,  with  a  sieve  18J  inches  wide,  a 
partition  4  inches  deep,  or  with  a  ratio  of  0.213,  was  found  to  be  too  little  and 
8  inches,  or  a  ratio  of  0.427,  was  found  to  work  well.  In  Mill  9  jigging  f-inch 
stuflP,  No.  1  jigs,  30  inches  wide,  have  a  depth  of  partition  of  10  to  12  inches,  or 
a  ratio  of  0.33  to  0.40,  which  is  satisfactory.  Mill  37  whose  jigs  have  been 
taken  by  the  author  as  standard,  uses  a  ratio  of  at  least  0.48  on  all  jigs. 
These  facts  seem  to  point  to  0.4  as  a  ratio  for  coarse  jigs  and  0.33  for  fine. 
These  figures  are  to  apply  to  the  last  sieve  of  a  jig,  since  it  is  there  that  the 
depth  of  the  partition  is  less  than  at  any  other  point. 

To  illustrate  the  practice  in  the  mills,  the  ratio  has  been  computed  from  as 
many  jigs  as  possible  and  they  are  given  in  Table  271.  They  show  more  or  leas 
irregularity,  but  as  a  rule,  are  above  those  advanced  by  the  author. 


TABLE    271. — CONSTRUCTION    OF    JIGS. 
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17 
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JlK  Ho. 


1 
3 
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2 
4 

1 

i 

4 
6 
1 
S 

a 

1 

7 

1 
s 
a 
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4 

t 
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Kind. 


HAfX 

Hari .,. 

Harz.. 

Har* 

HaxE  m... 
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CoUom. . .  ir . . 
Wendt**...* 

Weudt 
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Hots.  ....*,, 

Han... 
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Sliding  Ijlock.. 

Har* *..,., 
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6 
4 
1 
1 
t 
B 
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4 
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CO  4 
S 
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4 
4 
8 
4 
4 
4 
4 
4 

a 

4 
tft4 
3 
8 
8 
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Siere  Bcn:^ 


Id  the 


Inchefl, 
49 
49 

se 
m 
m 

45 

40 
40 

m 
m 

ai 

3S 

m 
so 
m 

n 
sa 

39 
89 

89 


80 

80 
8D 


Width 
iDthe 
Clear 


Drop 


hicheB. 


2 
9 


1^ 
li 

li 

'I 


Height  of 
Tail  Board. 


8 
5 
8 
8 
9 

4 

?* 

a 

4 

4 

4 
4 

m 


Depth  of 
Longlrudr 
nal  Parti- 
tion Below 


iQOhes. 
30  to  It 
10  to  If 

8 

« 


Ifl 
18 
12 
18 


Batio  of  Dapth 

of  Partitioii  t© 

Width  of  Bsrt. 


0.33to0.<» 
0  4StoO.S8 
0.ft 

a.9& 


0.87 

0.87 
0.07 


0.M 
O.M 
0.51 
0.81 
0,81 


0.18 

o.ie 

O.li 
0.19 


i 


526 


ORE  DRE88ING. 


399 


TABLE 

271.- 

—CONSTRUCTION  OF 

JIGS. — Continued. 

JlfNo. 

Kind. 

ii 

Sieve 

Box. 

Drop 

between 

Screens. 

(a) 

Height  of 

TailBoard 

(a) 

Depth  of 

tion  Below 
Sieve.  (a> 

Ratio  of  Depth 

1 

Clear. 

Width 
in  the 
dear. 

of  FurUtaooto 

Width  of  Sieve. 

(a) 

86 

8,8ft4 

5 

1 

9tol8 

1 

9 

8ft4 

5  to  19 

18  ft  14 

15  ft  16 

17  ft  18 

lft9 

8 

4 

6ft6 

7ft8 

9 

10 

1 

9,8,4,5ft6 

,.,;*. 

0,7ft8 

10 
11  ft  19 

1 
9tol7 

1 

9ft8 

4,5,6ft7 

8 

9 

1 

9 

8ft4 

5 

6 

7 

8 

9 

10 

11 

18 

18 

14 

15 

l,9ft8 

4ft6 

6 
lft9 

8 
4ft5 

6 

7ft8 

9ft  10 

11  ft  12 

9,8.4ft6 
0,7,8ft0 

9 
8 
4 

5 
6ft7 

8 

1 
9ft3 

1 

9 

8 

4 
1,9,8,  4ft  5 

6 
lft9 

8 

4          ] 

6          ] 

Han. 

4 
4 

2 
4 
1 
2 
9 
2 
8 
9 
8 
1 
1 
8 
8 
4 
4 
4 
1 
8 
2 
3 
4 
4 
8 
3 
8 
1 
2 
1 
2 
2 
3 
3 
1 
2 
2 

3 
3 
.S 
3 
1 
2 
8 
3 
8 
1 
2 
3 
1 
2 
2 
2 
8 
8 
3 
3 
1 
2 
8 

2 

o 

2 
2 
3 
3 
3 
2 
3 
3 
3 
8 
8 
8 
4 
4 
4 
3 
8 

Inches 
88 
82 
88^ 

86 
86 
36 
48 
80 
81 
31 
31 
80 
80 

Inches 
16 
16 

P 
P 

94 
94 
94 
17 
15 
15 
15 

^^ 

Inches. 

Inches. 

Inches. 

Han. 

Sliding  block.. 
Harz. 

8 

4 
4 

87 

1 
1 

12, 11, 10,  9 

0.48 

0.73,  a67, 0.61,  as6 

88 

Han 

Han 

8 
8 

Evans  (fc) 

Evans (fc) 

Han 

Han 

Harz 

8g 

Han 

4 

4 
4 

4 
4 
4 
4 

Han 

Han. 

Han 

9 

Han 

Han 

Harx 

40 

Han 

Han 

35 
30 
30 
80 
30 
80 
80 
84 
27 
84 
42 

34 

86 

84 
34 
34 
'A\ 
34 
34 
34 
34 
84 
34 
34 
34 
34 
84 
84 
34 
84 
34 
84 
34 
84 
84 
84 
34 
84 
84 

84 

84 

84 

84 

34 

84 

97 

97 

88 

82 

82 

82 

88 

84 

81 

81 

28 

18 
18 
18 
18 
18 
24 
14 
17 
29 
84 

20 

24 

22 

22 

22 

22 

22 

22 

22 

22 

22 

23 

22 

22 

22 

22 

92 

22 

22 

22 

22 

22 

28 

22 

29 

22 

.SZ 

22 

82 

22 

22 

22 

22 

28 

28 

18 

18 

16 

16 

16 

16 

16 
16 

'^ 

m 

4 
4 

m 

10,7H,6 

0.99,  0.91,  0.14 

41 

Han 

Han 

Han 

Han 

Han 

Han 

Han 

48 

Han 

Collom 

Han. 

48 

(fc) 
Han 

3,  29i2V4 

Han 

44 

(/) 

Collom 

Collom 

Collom 

Collom 

Collom 

Collom 

Collom 

Collom 

Collom 

Collom 

CoUom 

Collom 

Collom 

Collom 

CoUom 

Collom 

CoUom 

Collom 

Collom 

Collom 

Collom 

Collom 

Collom 

(0 

Collom 

Collom 

Collom 

Collom 

Collom 

CoUom 

Collom 

CoUom 

Collom 

Han. 

46 

40 

8 

1 

8 
8 

4 

47 

48 

HR 

Han 

R6 

Han 

Han 

Han 

Han 

87 

Elan 

San. 

88 

Han 

Han 

•  •••• .....  •• 

Han 
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TABLE  271, — CONSTHUCTION  OF  JIGS. — Continued. 


i 

Jic  No. 

KilKt 

il 

8i«^ 

l^njrth 
io  tiie 
aeftr. 

Box. 
Wlilih 

Clear. 

Drop 

Scn»cui. 

ffdtbtof 
Tail  iJoard 

Depth  of 

LotiidttJdi- 
nal  I'arti- 

tion  Below 
Bteve.  (a) 

RAtio  or  D^pth 
of  Partitiovi  to 
Wiath  of  Sieve, 

h 

1 
• 
s 

Bar* 

Bus ..♦, 

iDClUSS 

J?* 

12 

IOGh«S. 

IncfaflL 
4H,4>4,4 

laobes. 

^ 

BmnL 

BiFt^..»^ 

Rta%.. .,. 

(o)  Wbare  tvro  or  more  values  are  giwa  th&j  arc  for  the  different  ooaipartments  of  the  jtfc  tokea  ta  order 
CrtMn  the  Orst  iJev«  to  the  last.    (6)  A  SpUsbory  jUc,  which  Is  of  the  Bars  type,    (c)  Phis  J%  is  really  two  jiK*  J 

'  '       '  "Oto  S*mm.  stuff  and  two  wktvee*  treat  a  to 

{e)  For  No.  2  jigs  there  is  one  lartps  iiiir  and 


pla4>ftl  head  to  head, each  hariDz' two'sievesf  two  sir'Tes  treat  10  to  S*mrn. 'stuff  and  two"elevo«  treat 
s-mm.  etuff.    (d>Tl)er«  an?  three  Harz  Jigs  ana  oaesUdJne  block. 


-    ^  - — ~IJIir««;  the  Utter  were  made  W  rearrangioe  a  fourflfeve  jig  so  that  on>'  is  fed  at  the  mMdfe  croHs 
ora  aiM  flows  both  ways,    r/^Thiskthe  depth  helbw  tlie  lint  sieye.         -^  - ■ .--^--  — -.. 


acdoaQBan 
hMlMaoin 

wm«» partitluo  aiuf golni^  , 
IV  a  eam  atid  Ltf  ted  by  a  spiiog. 


Ban.  4  A>  There  is  one  crank  arm  anc 
I  last  micve.  U )  Each  jig  Is  pract  ically 
partitluo  aiMl  going  both  w«ys,    (k)  A 


{g}  There  is  one  crank  arm  ^not  used) 

(0  Graduated  from  4^  inches  on  first  sieve  to  | 

the  same  as  two  ont^aietre  ites,  the  stuff  being  fed  at  the  mid- 
wsys,    (If)  A  modlfted  OoUom  jig  ^see  i  H7).    (I)  The  plunger  la  foreed  down 


and  ooe  Harv. 


tThe  space  for  the  plunger  euirent,  even  when  the  hutch  product  is  present 
efore  being  dra\*Ti  on,  should  at  no  fK>iDt  be  less  in  area  of  section  than  the 
rea  of  the  plunger.  This  is  a  good  rule  and  in  accordance  with  the  principles 
f  hydraulics.  There  are,  however,  many  jigs  which  violate  it  more  or  less  and 
Bt  are  doing  work  which  is  regarded  as  satisfactory.  For  example,  there  are 
,500  or  more  CoUom  jig  sieves  at  Lake  Superior,  in  all  of  which  the  plunger 
water  has  to  go  through  a  hole  that  is  but  little  more  than  oue-quarter  the  area 
of  the  plunger. 

§  400.  The  Linings. — ^These  are  to  take  the  wear  on  the  plunger  side  and  to 

provide  for  holding  the  sieve  in  place  on  the  jigging  side.     They  are  made 

'most  invariably  ol  wood.     The  No.  1  and  No.  2  jigs  of  ilill  39.  however,  have 

eir  plunger  compartments  lined  with  iron.     In  Mill  30,  the  grain  of  the  wood 

the  plunger  lining  is  vertical  which  seems  the  logical  arrangement.     The 

ing  on  the  sieve  compartment  is  generally  1  inch  thick  and  is  interrupted  or 

vided  into  two  parts  by  the  sieve  frame.     The  lower  part  forms  the  ledge  upon 

hich  the  eieve  frame  rests,  while  the  upper  serves  as  a  cleat  to  hold  down  the 

/e  frame.     The  importancf*  of  the?e  linings  in  giving  smooth   ^ide^  to  the 

ve  compartment  cannot  be  emphasized  too  much.     The  under  lining  should 

down  so  far  that  all  irregular  currents  are  broken  up  before  they  reach 

ve.     To  the  bottom  of  the  longitudinal  partition  is  prohably  deep  enough. 

To  insure  this  result,  the  inside  of  the  sieve  frame  should  be  flush  with  the 

lining  above  and  below.     The  jig,  under  the  best  conditions  will  have  a  dead 

niisrgin  all  around,  due  to  friction  on  the  sides,  but  tids  precaution  will  reduce 

it  to  a  minimum. 

§  40L  Spigots  for  continuous  discharge  of  the  hutch  products  are  found 

in  a  great  variety  of  forms.     Most  of  those  used  for  hydraulic  classifiers  (see 

'  296),  may  be  used  on  jigs.     The  use  of  the  rising  discharge  on  fixed  sieve 

however,  is  not  known  to  the  author. 

The  author  is  of  the  opinion  that  there  is  no  better  spigot  than  the  pipe  and 

ig,  which  is  probably  the  most  common.     It  has  the  advantages  that  it  yields 

full,  round  orifice  at  all  times;  that  it  can  be  cleared  in  an  instant  if  plugged; 

t  it  can  be  replaced  in  an  instant  by  the  next  size  larger  or  smaller,  if  found 

small  or  too  large ;  that  it  is  inexpensive  and  easily  replaced  when  worn  out ; 

t  the  attendant  is  not  tempted  to  be  adjusting  this  discharge,  which  Bhould 

kept  constant  to  avoid  deranging  the  action  of  the  jig.     This  form  cannot, 

wever,  be  stopped  or  opened  by  a  handle  from  above,  but  must  be  tended  bj 

hand. 
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The  size  of  the  spigot  will  be  ^-inch  pipe  for  the  fine  jigs.  Occasionally  |-inch 
pipe  has  been  used  successfully  and  the  advantage  of  lessened  water  obtained. 
In  Mill  24,  No.  1  jig  has  a  f-inch  spigot ;  in  Mill  25,  No.  3  jig  has  a  J-inch  spigot 
At  Mill  31,  adjustable  triangular  gate  spigots  are  used  which  maintain  an  equila- 
teral opening.     Mill  26  uses  common  molasses  spigots  on  its  jigs. 

When  coarse  jigs  discharge  their  whole  product  through  the  sieve,  a  continu- 
ously running  spigot  large  enough  to  discharge  the  grains  without  choking  uses 
an  excessive  amount  of  water  and  some  intermittent  device  is  needed;  for  ex- 
ample, a  large  pipe  nipple,  1^  inches,  2  inches  or  more  in  diameter,  with  a 
wooden  plug  is  used.  At  Clausthal  and  other  works  an  inside  conical  plug  is 
used,  which  is  lifted  by  a  rod  coming  up  through  the  central  partition  to  a 
lever,  and  operated  from  time  to  time  by  hand  (see  Fig.  337). 

In  Mill  13,  using  modified  Collom  jigs,  where  material  in  the  hutch  has 
passed  through  sieves  with  holes  If  inches,  f  inch  and  \  inch  in  diameter  re- 
spectively, pipes  A  are  used  against  the  flanged  ends  B  of  which  covers  C  are 

held  with  weighted  levers  Z?  (see  Pig.  322). 
The  diameters  of  the  pipes  for  the  above 
three  products  are  6  inches,  2  inches  and  6 
inches  respectively.  The  products-  are  dis- 
charged upon  the  floor  below  the  jigs,  the 
jig  being  stopped  in  the  meantime.  The 
discharging  covers  are  opened  by  handles  E 
upon  the  jigging  floor. 

§  402.  The  Plunger  is  generally  made  of 
practically  the  same  size  as  the  sieve  except 
in  jigs  of  the  Collom  type.  This  may  seem 
at  first  sight  a  useless  enlargement  of  the 
machine,  but  theoretically  it  is  the  best  prac- 
tice, as,  in  hydraulics,  for  even  work,  uni- 
form velocity  of  water  should  be  maintained 
at  all  parts  of  a  stream.  Where  the  plunger  is  smaller  than  the  sieve  it  must 
have  a  longer  stroke  to  do  the  same  work,  and  give,  therefore,  a  higher  velocity 
to  the  water,  and  this  high  speed  current  is  liable  to  reach  some  portion  of  the 
sieve  before  it  is  slowed  down  to  the  average  speed,  causing  violent  boiling  of 
that  portion  of  the  whole  bed,  while  other  portions  are  too  stagnant  and  dead. 
Of  the  mills  visited  10,  12,  15,  16,  17,  20,  22,  23,  26,  27,  30,  85,  87,  88  and 
92  have  all  their  jigs  with  the  plunger  the  same  size  as  the  sieve.  In  addition 
to  these  are  the  following:  Mill  9,  No.  1  jig;  Mill  21,  all  the  jigs  except  No. 
6;  Mill  24,  two  of  the  No.  2  jigs  and  Nos.  5  and  6  jigs;  Mill  25,  Nos.  2  and  3 
jigs;  Mill  32,  Nos.  5  to  10  jigs;  Mill  42,  No.  1  jig. 


FIG.  322. — SPIGOT  AT  MILL  13. 


TABLE    272. — SIZES    OF   SIEVES   AND   PLUNGEBS. 


Mm  No. 

JIj?  No. 

9 

2 

All. 
6 
j         1 
\  2  and  S 
j  land  2 
1  8  to  12 
9,  8  and  4 

1    2tol8 
AIL 
AU. 

18 

21  

24 

28 

82 

87 

40 

86 

Size  of  Sieve 
Compartment. 


82x16 


Size  of  Plungrer 
Compartment. 


Inches. 
42x26 
82x12 
27x18 

80x18 
25x18 
84x18 


84x18 


Peroent  Planf^r 

Area  is  of  Sieve 

Area. 


% 

104.9 
72.7 
88.7 
W.O 
81.8 
88.2 
86.2 
20.0 

109.0 
96.8 
75.6 

110.5 


[)3 
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The  jigs,  except  those  of  the  Collom  type,  which  have  sieves  of  different  size 
from  ihe^e  are  given  in  Table  272.  Thu  table  shows  that  the  plunger  area  in 
no  case  is  less  than  three-fourths  of  the  sieve  area  in  the  most  of  the  mills* 
In  Mills  9  and  86  the  plunger  is  slightly  larger  than  the  sieve.  In  the  Collom 
jig  and  its  modifications^  as  well  as  in  the  Parsons  jig^  the  area  is  i  or  less,  as 
'  3wn  in  Table  273. 


TABLE    273* — SIZES    OF    SIEVES    AND    PLUNGERS. 


mil  No 


Jig  No. 


Kind  of  Jig. 


Stie  of  Sieve 

Size  of  Plunjrur 

Peroent  Plunger 
Area  is  of  8Jdre 

CoiTipartfnent. 

Ctttopartmeot. 

Are* 

Inoheft. 

iBcbea. 

% 

«6xffi 

489 

SSzSS 

]Ss» 

486 

1^ 

169i  diameter. 
15    dlAmeter. 

82.6 
81,7 

«^*« 

'1!^ 

50.0 
1              44.1 

Sdx^ 

84x10 

80.4 

8iz29 

aixll 

so.o 

MzSS 

1            IGidS 

47.1 

t:::v}£ 


Cotlotn ......,, 

CoUom. ,...,. 

PmntoiiB  (a) .,,.... 

PnrsonB  <a). . . .  * , . . 

Rrnnft , 

CoUt»iii  ,  * 

Cam  driveDi  spring  rt^Uim. 
Cam  driyeo,  apring  return. 


Collom  . 


Eide  plunger  jigs  have  been  constnicted  in  which  one  plunger  served  for  two 
es,  one  on  each  Fide  of  it,  thereby  making  the  sieve  area  double  the  plunger 
area.  This  arrangement,  however,  is  open  to  the  objection  that  it  is  poorly 
n^golated^  that  is  to  say,  if  the  whole  bed  is  lighter  on  one  sieve  than  on  the 
othe?»  the  lighter  whole  bed  will  absorb  greater  pulsion,  where  it  really  needs 
less  than  the  other. 

The  height  of  the  walls  of  the  plimger  box  are  sufficient  to  prevent  water 
from  escaping.  The  cover  placed  over  the  compartment  restrains  the  swash 
due  to  waves. 

It  is  important  that  the  upper  face  of  the  plunger  should  never  be  high 
I  enough  to  suck  air  and  give  the  resulting  pounding  motion.     For  this  purpose, 
fe  rule  is  that  the  top  of  the  plunger  should  never,  even  at  the  top  of  the 
ke,  be  above  the  level  of  t!ie  sieve. 
In  regard  to  the  construction  of  the  plunger,  all  practice  agrees  that  to  pre- 
vent warping  and  twisting,  the  plunger  should  be  made  of  several  parts,  prefer- 
ably an  odd  number,  and  made  of  wood,  with  the  grain  running  lengthwise  on 
outi^ide  layers  and  at  right  arigirs  on  alternate  pieces.     The  top  and  bottom 
8,  where  three  are  used,  or  the  top,  middle  and  bottom,  where  five  are  used, 
of  the  full  size;  the  other  parts  of  about  1  inch  smaller  length  and  width,  to 
one  or  two  rings-,  respectively,  of  water  packing-     Linkenbach  recommends 
ngers  with  no  water  packing  rings,  but  has  the  sides  of  the  coarse  jig  plunger 
nded  to  suit  the  eccentricity. 

403.  Clearance  of  the  Plongeb  and  its  Attachment  to  the  Connect- 

Rods. — The  clearance  is  the  space  between  the  edges  of  the  plunger  and 

8  of  the  compartment  in  which  it  moves.     A  space  is  needed  to  provide  for 

slight  swelling  of  the  wood  and  for  dirt  in  the  water,  so  that  the  plunger 

1  not  lose  power  by  friction,  or  cause  wear  on  the  lining.     Since  the  plunger 

eually  driven  by  an  eccentric  without  a  cross  head,  the  rocking  motion  will 

ire  either  an  increased  clearance  or  a  rounding  of  the  side  of  the  plimger. 

latter  may  easily  be  done  on  a  five*part  plunger  with  two  rings  of  water 

ig,  by  making  the  center  part  slightly  larger  tlian  the  top  and  bottom 


(a)  This  Jig  is  not  a  olde-pluciger  Jtg,  strictly  Bpeaklng. 
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The  clearance  required  for  the  rocking  motion  is  comparatively  little;  for 
example,  with  a  plunger  rod  48  inches  long,  a  plunger  5  inches  thick  and  a 
throw  of  2  inches,  the  total  side  clearance  is  0.«  inch,  or  0.1  inch  on  each  side,  or  if 
it  is  gained  by  rounding  top  and  bottom  it  would  only  be  0.05  inch  shaved  off 
from  the  two  top  and  bottom  edges  of  the  sides,  leaving  the  center  width  un- 
affected. More  clearance  will  be  required  when  the  hutch  water  is  fed  above 
the  plunger  than  when  fed  below. 

It  should  be  said  that  as  clearance  increases,  the  action  of  the  piston  becomes 
less  and  less  positive;  for  example,  a  jig  with  a  heavy,  tight,  whole  bed,  will 
be  less  moved  by  a  loose  than  by  a  tight-fitting  plunger.  The  mill  man  who 
has  a  loose-fitting  plunger  overcomes  this  difficulty  by  giving  it  more  movement. 
The  advantage  of  a  tight-fitting  plunger  is  in  the  fact  that  it  will  recover  quickly 
if  overfed  with  heavy  material,  while  the  loose  plunger  will  not,  because  the 
attendant  would  not  be  likely  to  give  it  the  momentary  added  throw  required. 

Mill  37  has  a  clearance  of  about  \  inch  all  around  (see  Fig.  306&).  Mill 
30  uses  J-inch  clearance  all  around  the  plunger,  and  the  blende  jigs  of  South- 
west Missouri  are  reported  to  have  the  same  clearance.  Rittinger  recommends 
for  under-piston  jigs,  without  rocking  motion,  a  clearance  of  fV  ^  iV  i^^h  all 
around.  Vezin  holds  that  iV-inch  clearance  all  around,  which  on  a  piston 
18X36  inches  yields  an  area  of  6.75  square  inches  or  1.04%  of  the  piston  area, 
usually  furnishes  sufiicient  area  for  the  passage  of  the  water  and  for  other  pur- 
poses. Kunhardt,  (1884),  says  that  jig  plungers  in  Europe  have  J  inch  of 
play  on  all  their  vertical  sides. 

The  attachment  of  the  plunger  to  the  rods  differs  somewhat.  They  all  have 
wide  washers  above  and  below.  They  occasionally  have  a  shoulder  on  the  rod 
above  and  nut  below,  as  in  ^lill  37  (Fig.  306f),  but  generally  have  nuts  both 
above  and  below  which  admit  of  adjustment  of  the  plunger  up  and  down. 

Mill  30  has  lock  nuts  above  and  below.  Mill  18  has  one  nut  above  and  lock 
nuts  below,  and  ^lill  15  has  lock  nuts  above  and  one  nut  below.  The  author 
is  inclined  to  favor  the  first  of  the  three. 

§  404.  CoxNKCTiNo  Rods. — The  common  practice  is  to  use  one  connecting 
rod,  running  from  the  eccentric  to  the  center  of  each  plunger.  This  is  screwed 
into  a  boss  G  on  the  lower  side  of  the  eccentric  strap  F  with  a  lock  nut  77  set 
up  against  the  boss  (see  Figs.  323a  and  323&),  or  the  eccentric  strap  has  an 
extension  downward  (see  Fig.  306>:)  of  two  rods  and  a  cross  bar.  The  eccentric 
rod  is  held  to  this  cross  bar  by  nuts  above  and  below  it. 

In  exceptional  cases,  where  the  plunger  is  very  long,  two  rods  are  used;  for 
example,  on  some  of  the  30X42-inch  blende  jigs  in  Southwest  Missouri,  also 
at  Przibram.  On  jigs  of  the  accelerated  types,  the  use  of  two  rods  is  more  com- 
mon, as  on  the  Wendt  jig  of  Mill  14  and  others.  On  coal  jigs  which  usually  have 
large  sieves,  it  is  the  rule  to  use  two  rods. 

In  one  Colorado  mill  a  double  Harz  jig  is  used  in  which  two  adjacent  plun- 
gers are  driven  by  only  one  shaft  and  eccentric  (see  Fig.  324).  The  sieves  are 
15^  inches  wide  by  31  inches  long;  the  plungers  are  9J  inches  wide  by  31  inches 
long.  The  disadvantage  is  that  the  two  adjacent  plungers  must  -have  the  same 
throw,  but  this  may  not  be  serious,  as  the  hydraulic  water  can  equalize  the 
matter. 

The  plunger  receives  a  rocking  motion  from  the  eccentric  from  the  absence 
of  a  cross  head.  This  has  been  claimed  by  some  authorities  to  injure  the  even- 
ness of  the  current  upon  the  sieve,  but  others  think  this  effect  is  so  small  that 
it  can  be  neglected.  To  do  away  with  the  rocking  motion  of  the  plunger  at 
Przibram,  a  hinged  plunger  rod,  the  lower  part  of  which  runs  in  guides,  ia 
used.  In  the  Diescher  coal  jig  the  arrangement  is  similar  except  that  the  goideB 
are  done  away  with  and  a  horizontal  arm  with  one  end  attached  to  the  hinged 
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it  ami  tho  ntiier  end  ]>ivotHl  lo  the  fraiue,  iiinke.-?  tlie  line  of  umtion  of  the 

jngcT  practicnlly  verticaL     At   Clansllnil   tlie   phin^T  rod   i^  aetualed   by  a 

■ort  rocking  arm,  and  thii^  again  by  a  long  rot  king  arm,  the  two  arms  being 

k'ated  on  the  same  shaft.     The  hmg  iirra  is  o.stjiHated  by  a  crank  and  connecting 

The  ret^tilinear  motion  of  the  CoMonj  jig  and  some  of  it,s  mod  iii  cat  ions,  has 

eady  been  described  (sc^e  §§386  and  387)*     In  jige  with  t!ie  crank  arm  and 

Iding  block  mechaniems  the  motion  is  practically  rectilinear,  owing  to  the  fact 

that  the  eccentric  or  plunger 

1^ ifc^.^  arm,  as  the  case  may  be,  gen- 

J^**'*^  !    A^    I  erally  rocks  back    and    forth 

over  a  small  arc,  instead  of 
nuiking  a  complete  revolution. 
§  405.  The  Eccexthic, — 
Thisii  nm>t  have  the  right 
throw  to  suit  the  work  the  jig 
is  called  upon  to  do,  and  as 
the  work  varies  from  time  to 
time,  the  eccentrics  most  be 
adjuetable.  The  eccentric 
should  have  a  graduated  scale 
to  show  at  once  the  amount  of 
throw  at  which  it  is  set.  The 
eccentricity,  to  meet  all  emer- 
gencies, must  be  greater  than 
that  which  is  likely  to  be  called 
553S  for.     It  will  be  greater  for  the 
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no.  323&.— SECTION* 


FIG.  323/1. — ECCEX- 
TKIO  ANB  CON- 
NECTING BOD  IN 
MILL  30.  ELEVA- 
TION, 


FIG.  324. — DOUBLE  JIG  WITH 
ONE  SHAFT. 


coarw  products  and  less  for  the  fine.     For  further  discussion,  see  §§  451  and  453, 
iMany  different  designs  for  making  this  adjustment  have  been  made.     In  ^lill 
thf^re  are  two  eccentrics  (see  Figs.  306€/-306^),  one  outs^ide  the  other.     The 
ntric  n  fits  upon  the  shaft  and  is  attached  to  it  by  two  set  screwg  p. 
r  fits  upon  the  eccentric  surface  of  the  inner  and  is  adjustable  in  any 
Bition  by  a  split  collar  and  bolt  s.     The  strap  t  v^lides  upon  the  surface  of 
inter  eccentric  and  conveys  the  movement  through  the  rod  to  the  plunger. 
cc<*ntrlcitv  of  each  is  ^  inch  and  the  throw  of  each  is  1  inch.     The  rela- 
asition  oi  the  outer  eccentric  upon  the  inner  causeB  the  throwg  of  the  two 
to  or  subtract  from  each  other,  so  that  the  throw  may  be  -^^xx^^  Ix'otdw  ^  J 
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to  2  inches.    A  pointer  u  on  the  inner  eccentric^  indicating  by  graduations  on 
the  outer,  serves  to  set  the  machine  at  any  given  throw. 

Mill  30  (see  Figs.  323a  and  3236),  has  a  flanged  eccentric  wheel  C  with  an 
eccentricity  of  g  inch,  keyed  to  the  shaft  A  at  S.  Fitted  to  the  outer  surface 
of  this  is  a  second  eccentric  wheel  D  also  with  eccentricity  of  f  inch  and  capa- 
ble of  being  set  in  any  position  on  the  first,  at  which  position  it  is  held  by  two 
bolts  E  of  which  the  heads  take  hold  in  a  dovetail  groove  L  in  the  flange.  This 
combination  allows  a  variation  in  the  eccentricity  from  0  to  IJ  inches,  or  in 
the  throw  from  0  to  2i  inches. 

A  form  commonly  used,  consists  of  a  concentric  disc  keyed  to  the  shaft  with 
an  eccentric  disc  held  to  its  face  by  two  bolts,  one  of  which  serves  as  a  hinge  for 
the  eccentric  disc  to  swing  upon,  while  the  other  holds  the  eccentric  disc  when  it 
has  been  swung  off  center  to  any  desired  throw.  The  eccentric  disc  requires  in 
it  two  slots,  one  for  the  shaft,  the  other  for  the  second  bolt.  The  amount  of 
throw  is  graduated  on  the  edge  of  the  eccentric  disc  with  a  pointer  on  the  con- 
centric disc  and  can  be  easily  read. 

Ferraris  has  designed  an  adjustable  eccentric  with  a  positive  set  to  avoid  the 
possible  slipping  by  the  clamp  forms  just  described.  It  consists  of  an  inner 
eccentric  with  a  flange  and  an  outer  eccentric  on  the  inner.  The  two  throws  are 
capable  of  adding  to  or  subtracting  from  each  other,  as  those  in  Mills  30  and 
37.  In  the  outer  eccentric  there  are  five  holes  and  in  the  flange  of  the  inner 
eccentric  are  six  holes  which  bear  vernier  relation  to  those  in  the  outer.  By 
passing  a  bolt  through  only  one  hole  in  the  outer  eccentric  and  through  any  one 
of  the  holes  in  the  inner,  six  different  throws  may  be  obtained,  say  10,  20,  30, 
40,  50  or  60  mm.  By  using  also  any  one  of  the  other  four  holes  in  the  outer 
eccentric  the  difference  between  throws  may  be  cut  down  to  2  mm.  and  the  device 
will  thus  have  a  positive  set  for  throws  var}-ing  by  2-mm.  intervals  from  0  to 
60  mm. 

Habermann^*  has  enumerated  a  great  variety  of  different  forms,  to  which  the 
reader  is  referred. 

In  regard  to  the  relative  position  of  the  eccentrics  on  the  shaft,  the  almost 
universal  practice  is  to  set  the  eccentrics  on  the  shaft  so  that  all  the  pulsions  on 
the  several  sieves  take  place  approximately  at  the  same  instant.  In  Mill  30,  No. 
1  jig>  with  three  sieves,  has  its  eccentrics  placed  at  120°  with  each  other,  divid- 
ing the  circle  into  three  parts.  The  author  has  no  record  in  regard  to  the  other 
jigs  of  this  mill.  At  the  Breinigerberg  mine  at  Stolberg,  a  four-sieve  jig  has 
the  pulsions  of  contiguous  sieves  at  90°  with  each  other.  While  the  scheme  illus- 
trated in  these  two  instances  is  undoubtedly  a  better  distribution  of  power,  it  is 
doubtful  if  it  does  as  good  jigging  as  where  the  plungers  act  together.  Pulsion 
is  the  first  act  of  jigging;  suction  is  the  second,  and  it  would  seem  to  be  better 
to  feed  No.  2  sieve  during  its  pulsion  rather  than  during  its  suction.  This  is 
probably  better  done  with  the  eccentrics  working  together,  or  with  No.  1  slightly 
anticipating  No.  2,  than  when  No.  1  is  at  90°  or  120°  in  advance  of  No.  2. 

§  406.  Shaft  and  Pulleys. — There  is  generally  one  shaft  running  the  whole 
length  of  the  jig,  which  is  supported  upon  boxes  resting  upon  the  timber  frames, 
or  more  rarely  upon  special  pedestal  castings.  The  Cooley  jig  has  two  shafts  for 
its  seven  sieves  on  the  finishing  jig  used  in  Southwest  Missouri.  One  drives  the 
first  four  plungers  at  200  revolutions;  the  other  drives  the  last  three  plungers 
at  300  revolutions  per  minute.  The  diameter  of  the  shaft  varies  from  2-ft  to  3 
inches,  as  shown  in  Table  274. 

It  is  usual  to  drive  jigs  by  tight  and  loose  pulleys  to  avoid  the  interference 
which  would  otherwise  result  from  the  stops  which  are  needed  for  slamming, 
adjustment  or  repairs.  Where  the  use  of  the  jig  upon  a  given  product  is  still 
in  experimental  condition,  Ete^  ^wlleye  for  two  or  more  Sj^eds  may  be  used  to 
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B%^e  quickly  the  flcsircd  change  in  speed.     Cone  pulleys  are  sometiines  used  for 
is  game  purpoK'.     VVhco,  however,  the  most  favorable  speed  ha^  been  deter- 
mined^ it  is  better,  for  gimplicity,  to  use  one  size  only  of  pulley  for  each  jig, 

TABLE    274. — DIAS1ETER8    OF    SHAFTS. 


Mill  If  0. 

mtixmier  of  Sbikft, 

Number  of  PI iiB»*'i^ 
iJriTen  from  th«  SKftft. 

0 

8 

IB., ,, 

10 „.. 

»:...; 

w 

§  407.  Accelerated  Mechanisms. — The  early  idea  of  jigging,  as  stated  by 
Bittinger  and  others,  was  to  have  the  whole  bed  lifted  on  the  down  stroke  of  the 
plunger,  while  on  the  np  stroke  it  was  allowed  to  settle  back  again  in  as  nearly 
possible  still  water.  One  of  the  methods  of  reducing  suction  in  order  to  par- 
ialJy  attain  thi^  end,  has  been  by  accelerated,  or,  as  they  are  sometimes  called^ 
slow^  return  mechani.sms;  that  is,  mechanisms  which  give  a  quick  upward  motion 
of  the  water  through  the  whole  bed  on  the  down  stroke,  and  a  slow  return  of  the 
water  on  the  up  stroke.  They  are  nsed  to-day  to  some  extent,  especially  on 
oarse  jigs,  the  prevailing  idea  being  that  on  fine  jigs,  which  are  run  with  a  short 
roke  and  a  high  number  of  strokes  per  minute,  the  difference  between  the  accel- 
ited  mechanism  and  the  ordinary  eecenlrie  is  so  slight  as  to  cause  no  appreci- 
i)le  difference  in  the  separation,  and  the  added  complications  of  the  former 
iider  it  objectionable.  There  are  sc?\'enil  ways  of  producing  this  acceleratton, 
be  most  important  of  which  will  now  be  described. 

g  408.  Sliding    Block    Mechanism    (see    Figs.    325a-325('),    is   a    dence    for 
living  a  rapid  moYement  to  the  plunger  during  pulsion  and  a  slow  movement 
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no.  325a. — ^EKD  VIEW  OF  SLiniNG  BLOCK  MECHANISM  AT  MILL  30. 

ring  fiuetion  or  return.     It  consist?;  of  a  driving  shaft  a  driven  by  the  pulley 

^ud  driring  the  crank  r;  a  plunger  shaft  d  with  short  arms  e  driviug  the  plun- 

Br /•     Attached  to  the  plunger  shaft  ^  is  a  slotted  arm  g  with  a  sliding  block 

wnich  conneeli^is  the  rrank  pin  r  with  the  slotted  arm  g,  and  as  the  crank  c 
BTolvetii,  the  bhH'k  h  i^li^!es  rn  the  shotted  arm  and  raiises  the  Utl^t  loiTXifik'svi  ^s^^s^ 
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8  space  which  has  i  for  its  highest  position  and  /  for  its  lowest  This  distaooe 
is  teaversed  on  the  down  stroke  while  c  moyes  from  e^  to  c,  by  way  of  c^  whid 
is  a  short  arc.  The  return  stroke  is  brought  about  while  c  moYes  from  c,  by  wif 
of  c^  to  c^f  which  is  a  long  arc.  It  follows  that  the  downward  pulsion  traiw- 
mitted  to  /  is  rapid^  while  the  upward  retuni  is  slow.  The  relative  difference 
between  these  sp^s  may  be  increased  by  increasing  the  radius  of  c,  or  by  bring- 
inga  nearer  to  d. 

^The  design  used  in  Mill  37  has  14  inches  between  centers  and  4  inches  radiw 
of  driving  crank.  This  gives  a  variation  on  the  slotted  arm  of  acting  radius  fran 
10  to  18  inches  in  length,  and  the  period  of  descent  is  40.7%  ot  i&  time  of  die 
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FIO.      326c. — SKELETON     OF     MECHANISIC 

whole  stroke^,  and  of  ascent  59.3%.  The  highest  velocity  in  the  middle  of  the 
down  stroke  is  1.8  times  the  velocity  at  the  middle  of  the  up  stroke. 

This  device  is  used  in  Mills  16,  17,  22,  31  and  37,  upon  only  the  coarse  jigBi 
theplain  eccentric  being  used  on  the  fine  jigs. 

The  adjustment  of  the  amount  of  stroke  is  obtained  by  lengthening  or  shorts- 
ing  the  driving  radius,  the  crank  pin  moving  in  a  slot  on  its  crank.  The  detaili 
of  this  mechanism  in  the  mills  are  given  in  Table  275. 


TABLE   275. — SMDINQ 

BLOCK   HEOHANISli. 

MUlNo. 

Jig  No. 

Badinsof 
Dririnff  Arm. 

DManoe  Between 

Oenten  of  Shafts. 

liMdiaa. 

Badinsof 

Plunger  Ann. 

Indies. 

Batlooflfaxlimim 

■s?^ 

16 

16 

SI 

1 
8 

lands 

8 
8 

U 
14 

^ 

i.ftft 

I.MB 
1.19 

i.a 

i! 

"• 1 

I     «< 

i:« 
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TTi€  advantages  of  the  sliding  block  mechanism  as  compared  with  the  plain 
eccentric  are^  that  it  gives  with  the  same  number  and  length  of  stroke  a  much 
qnieter  enction,  which  has  less  tendency  to  blind  up  the  sieve  and  to  felt  together 
the  sand  into  a  hard  cake.  It  gives  ako  a  parallel  action  of  the  plunger,  while 
the  plain  eccentric  gives  a  rocking  motion  faster  on  one  side  than  on  the  other. 
Mill  31  finds  after  running  the  two  jigs  side  by  side  that  the  sliding  block  keeps 
the  whole  bed  more  free.  Mill  39,  after  trying  both  jigs,  thinks  that,  while  the 
eliding  block  gives  a  better  action  on  the  plunger^  the  extra  cost  more  than  offsets  | 
the  advantage.  The  extent  of  the  bearing  surfaces  exposed  to  the  dust  in  the' 
mill,  forms  a  serious  objection  to  the  sliding  block  mechanism. 

§409.  Crank  Arm  Mechanism. ^ — This  is  what  is  called  in  mechanism  a  four- 
bar  linkage.  As  shown  ia  Fig.  32(>a^  it  consists  of  a  revolving  driving  shaft  a 
from  which  the  driven  shaft  d  imparts  to  an  eccentric  a  motion  of  oscillation 
which  it  receives  through  the  crank  ah,  the  connecting  rod  he,  and  the  crank  cd. 
To  better  illustrate  the  character  of  the  motion,  the  skeleton  (Fig.  32G6),  has 
been  const nictcd  showing  9  different  positions  of  the  two  cranks  and  connecting 
rod.     From  this  it  will  be  seen  that  the  driven  crank  is  given  a  quick  motion 
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corresponding  to  the  down  stroke  of  the  plunger  while  the  driving  crank  is  pasa- 

jing  over  the  arc  2,  1,  8^  and  it  has  a  slow  motion  for  the  up  stroke  of  the  plunger 

rhile  the  driving  crank  is  passing  over  the  are  8,  5,  2.     The  ratio  of  the  time 

^of  the  up  stroke  to  that  of  the  down  stroke  is  as  the  arc  8,  5,  2  is  to  the  arc  2,  1,  8. 

This  ratio  may  be  varied  by  changing  the  distance  ad  between  centers  or  the 

"engths  of  the  cranks  ah  or  Jr.     A  ver}'  slight  change  makes  a  great  difference, 

the  ratio.     The  parts  may  be  so  proportioned  that  the  driven  crank  makes  a 

omplete  revolution,  although  this  is  not  customary.     It  will  be  further  noticed 

bat  the  two  periods  of  maximum  velocity  of  the  driven  crank  come  when  tHe 

riving  crank  is  practically  at  right  angles  with  the  connecting  rod,  that  is,  about 

airway  of  the  arc  9,1  on  the  down  stroke,  and  about  midway  of  the  arc  5,6  on 

be  up  stroke. 

The  crank  arm  mechanism  ie  used  upon  the  coarse  ji^  of  Mills  24  and  27  and 

upon  all  the  jigs  of  Mill  28.     The  details  of  it  in  these  mills  are  shown  in  Table 

~{7(5.     In  n»gard  to  these  movements,  thoee  in  Mill  27  were  very  harsh  and  trying 

the  jig  tJinkn.  while  thosp  in  Mill  28  were  quiet  and  gentle.     Thi*  dilTorenre 

m^  hiive  been  in  the  adjui^tmcnth,.  which  gave  a  greater  discrepancy  between 

lie  vflntitlrH  and  times  of  pulsiuo  and  t-uctlun  In  iVie  loroi'^x  ^^v^wi  m 's^\^\!^.V^^ 
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mill  (see  Table  276).    It  could  not  have  been  due  to  the  strokes  per  minute,  as 
they  were  practically  alike. 

TABLE  276.— CRANK  ABM  MECHANISM. 


V 
87 
88 
88 


Jig  No. 


land  8 

8, 4,  6  &  7 

1,8,8,4,6,6.7&8 

0, 10, 11  &  12 


Length  of 
DnVing 
Radius. 


Inches. 
6 
4 


Length  of 
Dmen 
Radius. 


Inches. 


Length  of 
Connecting 
Rod. 


Distance  Cen- 
ter to  Center 
of  Shafts. 


Plunger  Arm 
Radius. 


Inches. 
15 

,?* 

10 


fi 


Ratio  of  Maxi- 
mum Velocity 
of  Down  Stroke 
to  that  of 
Up  Stroke. 


2.6 
S.6 
S.4 
8.0 


Ratio  o( 

Times,  Up 

toDowi 

Straka 


1.80 
1.98 
1.18 
1.67 


§410.  The  Disc  Motion, — This  is  another  form  of  four-bar-linkage.  In 
Figs.  327a  and  3276  let  a  be  the  driving  shaft  and  b  a  disc  or  flange  npon  it, 
and  let  c  be  the  driven  shaft,  a  little  out  of  line  with  a,  and  d  a  flange  upon  it; 
e  is  a  crank  pin  on  b,  and  /  is  a  crank  pin  on  d;  ^  is  a  connecting  rod  uniting 
the  two  crank  pins.  The  two  flanges  face  one  another  and  are  a  short  distance 
apart,  to  give  room  for  the  crank  pins  and  connecting  rod.  When  a  revolves,  c 
receives  an  accelerated  and  retarded  motion,  as  shown  by  the  eight  different  posi- 
tions drawn  on  Fig.  32  7a^  the  amount  of  which  can  be  varied  by  varying  the 
distance  between  the  centers,  or  the  length  of  the  connecting  rod,  or  the  length 
of  the  crank  arms.  This  device  has  been  put  upon  a  newly  designed  jig  by 
Charles  J.  Hodge,  to  gain  varying  speed  in  the  different  parts  of  the  stroke. 

As  usually  constructed,  the  lengths  of  the  parts  are  such  as  to  cause  the  driven 
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FIG.   327(1.— END  VIEW        FIG.    327&.—  MECHANISM  IN  MILL  14. 
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DISC  MOTION  MECH- 
ANISM. 

shaft  to  revolve  instead  of  oscillate,  as  in  the  crank  arm  mechanism.  The  con- 
ditions, however,  may  be  so  varied  that  the  driven  disc  may  simply  make  an  accel- 
erated and  retarded  oscilllation,  instead  of  a  complete  revolution. 

Hammer  and  Spring, — This  method  of  obtaining  accelerated  motion  used  on 
the  Collom  jig,  has  already  been  described  under  that  head  (see  §  386). 

§  411.  Elliptical  Gear. — This  requires  two  shafts,  the  driving  shaft  with  heavy 
pulley  to  receive  power  and  serve  as  a  fl}i-wheel,  which  revolves  at  uniform 
velocity,  and  the  driven  shaft,  which  revolves  with  velocity  varying  from  fast  to 
slow,  according  to  the  ratio  of  the  driving  and  driven  radii  of  the  two  transmit- 
ting elliptical  gears.  Upon  this  second  shaft  the  plunger  eccentrics  are  so  placed 
that  the  acceleration  shall  take  place  during  the  downward  stroke  and  the  retarda- 
tion during  the  upward. 

Mill  14  uses  the  Wendt  jigs  which  have  gears  of  this  pattern,  as  shown  in 
Fig.  328,  on  which  the  large  radius  of  each  gear  is  8J  inches  and  the  small  radius 
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inches,  Referrmg  to  the  figurf',  i^  o  is  the  center  of  the  driving  gear  about 
_which  it  revolves  in  the  direction  of  the  arrow,  and  o'  the  same  of  the  driven 
"  ^ar ;  then  the  arcs  ab,  bd,  de,  ef,  fg,  gh,  hk  and  ka  on  the  driving  gear  and  the 
jrres^ponding  arcs  a'  b',  ¥  d\  etc.,  on  the  driven  gear  are  arcs  passed  over  by 
ich  gear  all  in  equal  gpaces  of  time,  viz.:  J  of  a  revolution  of  the  drmng  gear- 
curing  the  quickest  half  revolution  of  the  driven  gear  it  revolves  180"*  over  the 
arc  if  a*  %',  while  the  driving  gear  is  revolving  101°  over  the  arc  c  a  i.  During 
"le  glowest  half  revolution  of  the  driven  gear  it  revolves  180"*  over  the  arc  i'  f  d, 
rhile  the  driving  gear  revolves  259**  over  the  arc  i  /  c.  If  the  radius  of  eccen- 
tricity of  the  plunger  eccentric  is  in  the  same  phase  as  the  shortest  radius  o*  a' 
^f  the  driven  gear,  then  the  ratio  of  the  time  of  the  up  stroke  to  that  of  the  down 
"  3ke  wiU  be  as  259:  101  or  as  2.56:  1*  On  the  other  band,  if  the  radius  of 
pcentricity  is  in  the  same  phase  as  the  radius  o'  i',  then  the  time  of  the  up 
^ke  will  be  equal  to  that  of  the  down  stroke  or  the  ratio  will  be  as  1 : 1,  but 
lie  plunger  will  have  a  gradually  accelerated  velocity  on  nearly  the  whole  of  its 
down  stroke,  and  a  gradually  retarded  velocity  on  nearly  the  whole  of  its  up 
gtroke.  At  any  iutermediate  phase  between  o'  a'  and  o*  i\  the  ratio  will  be 
intermediate  between  2.56 : 1  and  1:1.  In  this  mechanism  the  ratio  of  the 
maximum  angular  velocity  of  the  driven  gear  to  its  minimum  angular  velocity 
is  as  8^X81 :  4^X4^  or  3.  57:1. 

§412.  Cam  and  Gravity. — The  Stutz  coal  jig  lifts  the  plunger  slowly  by  a 
and  allows  it  to  fall  rapidly  by  gravity,  loading  it  with  a  heavy  weight  for 
bat  purpose.     The  connecting  rod  passing  down  through  the  plunger  and  through 
gtuflfing  box  in  the  bottom  of  the  hutch,  has  a  rubber  buffer  on  its  lower  end 
to  atop  the  fall. 

Cam  and  Spring. — ^This,  as  used  in  the  cover  jigs  of  Mills  44  and  47,  is  a 
bort  onc-anned  cam,  working  on  tlic  same  principle  as  a  gravity  stump  cam,  which 
ishes  down  the  plunger  rod  a  distance  from  IJ  to  IJ  inches,  and  the  plunger 
raised  again  by  a  spring.  The  result  is  a  quick  downward  movement  during 
pulsion  and  a  slow  return  during  suction.  Tliis  was  substituted  for  the  Collom 
notion  because  a  more  positive  motion  was  necessary  for  the  very  coarse  stotf 
B:ged. 

Eittinger  describes  a  motion  consisting  of  a  cam  which  lifts  the  plunger  rr.d 
slowly  and  a  spring  which  forces  it  down  rapidly.  This  principle  is  also  used  in 
lie  New  Ontnrv  Drop  Motion  Jl^'  of  the  American  CVmcootrator  Company. 
_  Atr  Pressure  and  Oraviiy. — The  use  of  air  pressure  and  gravity  to  give  a  quick 
pulsion  and  slow  suction  in  the  Baum  coal  jig,  has  been  already  described  (sefi 
§391). 

§  413.  Htdhaulic  Water. — This  is  either  put  in  above  the  piston,  passing 
down  through  the  clearance  space,  or  it  is  fed  below  the  piston.  On  side  plunger 
jigs,  IG  mills  (15,  18,  20,  21,  22,  24,  25,  26,  27,  28,  30,  31,  37,  39,  87  and  88), 
put  tJie  hydraulic  water  in  above  the  plunger,  and  six  mills  (10,  44,  45,  46,  47 
and  48),  put  it  in  below  the  plunger,  that  is,  into  the  hiitches.  Of  this  last 
group,  however,  all  but  Mill  10  are  Collom  jigs,  with  which  it  is  the  nile  to  put 
the  hydraulic  water  into  the  hutches.  Id  putting  it  below,  one  does  not  need 
"luite  so  high  sides  for  the  plunger  compartment  and  a  tighter  and  more  posi- 
re  fitting  plunger  can  ho  used.  On  the  other  hand,  water  beneath  the  plunger 
ay  bring  in  air  bubbles  which  may  give  trouble  under  the  plunger  or  sieve, 
be  Parsons  jigs  used  in  Mills  24  and  25,  introduce  the  water  directly  into  the 
Eitdiea. 

An  idea  has  long  existed  that  a  jig»  to  do  its  best  work,  should  diminish  the 
pet  ion  due  to  the  return  of  the  plunger  as  far  as  possible,  or  in  other  word's, 
^  hcttr»r  si^paration  would  be  obtained  l»y  allowing  the  mass  of  grains  to  fall 
of  their  own  accord,  as  in  ^\u^i  water,  instead  ot  Vi^'^mij,  \}^^t5\  ^>\0«.vi^ 
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down  by  the  letanmig  eurreni  There  are  eevenl  meuis  of  attiinuig  this  eni 
sadi  as  (1)  introdudBg  the  water  above  the  plunger  and  pladnff  cbsdc  Tatrei 
in  the  plunger,  which  would  cfpen,  and  allow  tiie  water  to  poes  down  throndi 
as  ^e  plnnger  rose,  and  close  as  it  fell,  or  (2)  introducing  the  water  into  the 
hntch  beneath  the  plunger  through  a  check  ralve  in  the  opening  leading  to  fle 
source  of  supply,  which  ydye  would  open  and  shut  similarly  to  those  in  the  plunger. 
The  supply  opening  must  be  large  enough  to  deliver  water  as  fkst  as  the  rise  of 
the  plunger  calls  for  it  Jigs  working  in  this  way  may  be  called  pulmon  jigs. 
They  are  not  used  to  any  great  extent  to-day,  except  on  coal  washings  where  it 
is  daimed  that  suction  is  very  undesirable,  as  tendine  to  pull  flne  coal  down  into 
the  hutdi  along  with  the  slate.  As  examples  of  pulsion  jigs,  there  are  the  Hc- 
Lanahan  (see  fig.  313),  Sheppard,  Stutz,  Luhrig,  Osterspey  and  other  ooal  jigs, 
in  the  majority  of  which  the  tailings  water,  after  being  settled,  returns  throng 
check  valves  to  the  hutch. 

The  hydraulic  water  is  delivered  to  the  jigs  by  a  water  pipe  with  branches  for 
each  compartment  and  cocks  regulating  the  amount  Dial  cocks  mar  be  used 
to  advantage  for  restoring  adjustment  after  shut  down.  Hill  37  (see  ^gs.  8O60- 
S06c),  and  some  of  the  manufacturers  deliver  it  by  a  trough  running  upoA  tiie 
longitudinal  partition  with  shut  off  gates  in  the  bottom  for  the  different  com- 
partments.   The  sizes  of  the  pipes  used  are  given  in  Table  S77. 

TABLE  277. — ^HYDRAULIC  WATBR  PIPB8. 


KfflNo. 

Jig  No. 

Diameter  Main  Pipe. 

Dfametar  Bmooli  Flpei 

;S::::: 

25 

80 

87 

48 

An. 

1 

6 

1 

SandS 

AU. 

All. 

AU. 

nidies. 
8 

bK^fla. 
1 

1« 

9 
Trough  is  8Hz4H 

§  414.  Sieve  Frames  are  of  wood  or  of  iron.  Wooden  frames  to  which  the 
sieves  may  be  easily  tacked^  are  the  more  common,  and  consist  of  two  ends  and 
two  sides,  of  soft  or  hard  wood  boards  on  edge,  joined  at  the  comers^  an^  on 
account  of  the  flexibility  of  wire  cloth  or  thin  plate  screen,  cross  bars  are  required 
when  these  materials  are  used.  These  bars  of  soft  or  hard  wood  on  edge  are 
placed  across  the  screen.  Sometimes  a  lattice  made  up  of  lengthwise  and  croes- 
wise  bars  is  used.  The  former  form  is  less  expensive  and  gives  sufficient  support 
The  bars  are  generally  placed  vertical.  In  the  McLanahan  jig,  however,  imA 
has  its  plunger  at  the  head  of  the  sieve,  the  cross  bars  slope  upward  toward  the 
tail,  which  helps  the  whole  bed  to  move  forward  (see  Pig.  313). 

The  tops  of  the  bars  are  in  the  same  horizontal  plane  as  that  of  the  frame. 
The  screen  is  tacked  to  the  bars  by.copper  tacks  or  fastened  by  wire,  and  when  it 

TABLE  278. — ^DETAILS  OF  WOODEN  FBAKE8  FROM  SOME  OF  THE  KILLS. 


Mill  No. 

Jig  Ho. 

Biifl  of  PieoM  of  Framefl 

lattice 

8lw  of  OroM  0M«w 

Hel^tit. 

Width. 

Htigbt. 

Width. 

iDdiefl. 

lOChM. 

luchM, 

Indiea. 

iDX^A 

ts...... 

All ,.... 

t 

1 

Ultlce 

S 

91. 

AM 

S 

1 

Bki4  , ,  .t,»,.i , ,, 

1 

L 

».,.... 

An. „, 

> 

% 

fjt^fO^  ..t^„  *♦* 

i 

m  S    , 

S4 

AUtnjtNo.  4,lBt8ltm> 

^ 

T*t|i1<T0  ,,^-.-,. 

Si 

M,...., 

Ko.  4,  lst*teve„.. 

1" 

Bttra  ...*..,..., 

(b>i 

m 

AIL......... , 

8 

1 

Bftfi 

i^ 

(c)i 

m. 

AU ,..,. 

S 

1 

fiwi.,,. -....., 

• 

M 

il 

m 

AM. 

8 

1 

t«ltlO«'...     **v 

a 

'  *  1 

8tP.„„, 

t 

,« 

SSr.v.;;:::: 

i 

"""*i«^"" 

«?....., 

i^ 

r* 

(a)Befei6dtoMtai6haJttop.  (!b)BvNiMLV>H^!»^«A^MttoiiL  (0  BetaM  to  A  iMh  «t  itol 
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replaced  by  anothc 


ith 


The 


IS  worn  out  the  whole  frame  is  replaced  by  another  witn  a  new  sieve,  Tfte  sieve 
frames  are  quickly  taken  out  by  removing  tlie  linings  above  them,  A  stock  of 
frames  with  new  sieves  on  them  h  kept  on  hand.  Table  2T8  shows  the  details 
of  wooden  frames  from  some  of  the  mills.  It  is  not  uncornnion  to  use  bars  f 
inch  thick  and  in  that  case  the  top  is  chamfered  to  about  |  inch  wide, 

^_^The  outside  dimensions  of  a  sieve  frame  are  a  little  smaller  than  the  space  into 

^^mich  it  is  dropped,  so  that  it  may  be  easily  removed.     In  Mill  25  this  space  is 

^Hlled  with  twisted  hemp  tamped  in  to  hold  (he  sieve  in  central  position  and  avoid 

^^ossible  trouble  from  the  sand.     In  Mill  30  this  space  is  \  inch  and  is  Elled  with 

^packing. 

The  sieve  frame  should  be  made  of  such  a  thickness  that  inside  it  is  just  flush 

I     with  the  linings  above  and  below  it,  in  order  to  obtain  as  even  currents  as  possible 
in  both  directions. 

The  use  of  bars  for  supporting  the  jigging  sieve  is  necessary  but  it  to  some 
extent  impairs  the  operation,  particularly  with  fine  jigs.  When  they  are  made 
thick,  for  example  |  inch,  they  make  dead  lines  across  the  sieve,  alternating  with 
bands  of  too  great  activity ;  when  ^  inch^  the  ?ame  is  tnie  to  a  Ics^  degree.  The 
object  of  chamfering  is  to  lesh^en  this  evil.  The  author  has  used  for  overcoming 
this  difficulty,  on  little  laboratory  jigs,  bars  c  of  brass  plate  iV  inch  thick  and  14 

finches  high,  the  eieve  d,  being  held  to 

^Hbem  by  bent  poft  brass  wire  a  b\  (sec 

^B^g,  329).     The  upper  bend  h  in  the 

^Hnre   is    made    beforehand    and    then 

^^Ripped  into  place;  the  lower  bend  a 
is  easily  made  with  pincers  and  holds 
the  sieve  tightly  in  place.  Supports  of 
this  kind  placed  2  inches  apart  with 
clamp  wires  also  2  inches  apart,  fur- 
nislj  a  support  for  the  eieve  which 
does  not  give  any  visible  imperfection 
in  the  jigging. 

g415.  Iron  Sieve  Frames, — Mill 
18  has  a  sieve  frame  of  cast  iron  di- 
vided horizontally  into  two  parts,  one 
above  and  one  below,  with  the  sieve  be- 
tween them.  Each  has  four  Inngitudi- 
nnl  grat^  bars.  These  bar?  widnn  both 
downward  and  upward  toward  the 
screen  from  f  inch  to  \  inch  thick  and 
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Pio.  329. 


FIG,    330, — SECTION    OF    THE    FERRARIS 

DfTERMEDl ATI-:  JIO. 

I  lMtiM3iiitioo9  ia  mllUmetArti,) 


vertical  height  of  each  of  tli^  bars  is  about  1  inch*     The  lower  part  rests  on 
If  lugs:  the  upper  part  ir'  hold  down  by  four  wedges  driven  between  it  and 
mr  upper  lugs.     Tho  ujin<T  find  lower  higs  are  in  pair?  ^w^l  v'\u\\  y^w  \%  vs>"^- 
ted  by  a  flat  cast  bar  oj  iron  which  is  let  into  l\\e  NuocAen  -m^  ^1  ^^  v^- 
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Mill  20  uses  iron  sieve  frames  for  No.  1  and  No.  2  jigs  which  differ  from  fhe 
above  in  the  fact  that  the  frames  are  of  J-ineh  wide,  1-inch  high  pieces,  and  the 
two  longitudinal  bars  are  \  inch  wide  and  1  inch  high,  all  cast  in  one  piece. 
Nos.  3^  4  and  5  jigs  use  also  two  cross  bars  |  inch  wide,  1  inch  high,  making  a 
lattice-  work.  These  rest  upon  a  wooden  ledge  f  inch  wide  all  around  and  are 
held  down  by  wooden  lugs,  one  on  each  side,  and  wedges  on  the  jig  walls  above. 

In  Mill  26  jigs  Nos.  1,  2  and  3  have  iron  frames  in  two  parts  above  and 
below  the  sieve.  The  frames  are  1  inch  thick,  IJ  inches  high,  with  three  longi- 
tudinal bars  %  inch  thick,  1|  inches  high.  Jigs  4,  5  and  6  are  the  same,  except 
that  they  have  but  two  bars. 

Ferraris  at  Monteponi,  Sardinia,  uses  an  iron  lattice  supporting  frame  with 
diagonal  cross  bars,  in  an  iron  jig  tank,  with  a  top  frame  which  has  no  bars 
upon  it  (see  Fig.  330).  The  joint  is  made  tight  with  red  lead.  This  eieve 
appears  to  be  held  down  only  at  the  margin.  If  so,  there  is  an  objection  to  it 
which  docs  not  exist  in  the  other  mountings.  If  the  sieve  blinds  up  with  sand, 
the  middle  of  it  will  rise  and  fall  with  the  whole  bed  and  interfere  with  the 
settling. 

At  Przibram,  iron  cross  bars  alone  have  been  used  to  support  the  screen,  the 
usual  wooden  cleats  or  linings  serving  to  keep  it  down  at  the  margin. 

The  use  of  the  double  iron  frame  saves  the  necessity  of  keeping  a  complete 
supply  of  duplicate  screen  frames.  It  saves  the  expense  of  tacking  the  screens 
to  the  frames.  It  simplifies  the  changing  of  screens,  and  where  a  lattice  is  used, 
it  prevents  the  forward  motion  of  the  bottom  bed.  On  the  other  hand,  while 
the  narrow  central  bars  may  lessen  the  dead  lines  on  the  jigging  bed,  thie  mar- 
ginal bars  make  a  much  worse  dead  edge  than  is  found  with  the  usual  wooden 
screens  held  down  by  linings.  Screens  mounted  in  this  way  cannot  be  cleaned 
as  well  as  those  of  the  ordinary  wooden  pattern  (see  §431). 

TABLE   279. — JIG   SCREENS. 
Abbreviations.— B.  W.  G.=BirmiDfirham  Wire  Gauge;  In.=inches;  No.snumber. 


1 
i 

Jiff  Ho. 

No. 

Hftterl^  of  Screen. 

Thldi- 
npsi  at 
Wire  or 

Plate. 
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ing. 
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10 

•1 
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1 

J1<Na 
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Ka    1 

Material  of  Screea. 

Thick> 
tietwof 
Wire  or 
Plate.    1 

MeahH« 

Linear 

Inch. 

NetSlxeof 
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99 

60 

66 

50 

94 

81 

94 

66     ' 

94 

56 

46 

98 

t* 

«t 

t* 

4t 

,j 

tt 

4'i 

** 

«i 

ffOfl     ClOthtc**r...  .  »t  r  ■ 

Braascloth ,. 

*t 

**       ■■•■■......!. 

SteetcloUi .♦.. 

u. 

Punched  steel  t»lAte   . . 

Steel  cloth 

18 

18 
U 
11 

10 

14 

16 
16 

16 

6 
8 

1 

10 

8 

10 
10 
10 

91 

91 

>» 
11 

19 

11 
19 
19 

19 

90] 
•  940 
940| 

\     9S» 

Braeiolath . . .  < 

*• 

t« 

»♦      '  * 

*'      .»,»»•»..*... 

542 
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TABLE  279. — Jio  scBEBNS. — Continued. 


6 

Thicks 

HailiM 

' 

F^raiiitl 

lilMOf 

i 

^Nu. 

No, 

MftleriAltifficfeett. 

Wire  or 

of 

Scmni 

reedi9tfai 

B.  W.  O. 

TlMdM 

Uxn. 

IfBt 

11 

1 
t 

lAi 

fin99Ck>ill.»«. 

11 

4 

0.U1 

UM 

89 

Owl8 

19  to  18 

lAi 

li 

U 

8 

0.108 

9,89 

sr 

lfito9 

9toi 

8to4 

6 

1W4 

14 

18 

8 

0.118 

3.80 

SQ 

4to0 

T 

' 

4lo0 

fi 

4lda 

• 

10 

Itoi 

H 

m 

19 

0,0« 

1,» 

m 

t.§toO 

t^AttiO 

It 

9,5  to  0 

m 

I 

i 
t 

On  n 

4 
ft 

itol 

41 

18 

8 

0,«CT 

l.» 

m 

8t*i 

sss 

« 

8ta0 

6 

9to« 

7 

ltQ4 

BraMck^tH .„,. 

«} 

»0 

0.000 

1,88 

49 

1108 

»ftta 

lto4 

*■ 

» 

la 

O.Ofifi 

1.40 

44 

9to8 

iU 

u 

if 

itoa 

11 

1« 

a 

0.188 

8.81 

8i 

tstnia 

la  iQ  ]] 

i 

ItoS 
ItoS 

4i 

IT 
17 

4 
8 

0.108 
0.149 

4M 
8.81 

80 

50 

11  tot 

It, 

9U>T 

5 

6 

lto4 

II                                                  1 

li 

8 

0418 

9.00 

80 

...... ■! 

7«o8 
8N»9 

1 

■4 

18 

8 

0*078 

lOS 

87 

7 

i 

M 

18 

8 

0.078 

1  98 

ST 

a  tot 

■ 

*■* 

90 

10 

0.088 

rflfi 

49 

4 

4,1. 

80 

10 

O.OflO  1 

1.«A 

49 

9 

i 

8 
4 

G 

lto» 

ItoB 

Itoa 

Itoa 
1^2 

I( 

U 
14 

li 

18 

7 
8 

O.OfiS 

O.Oil 

J0JS7 

jo.iia 

0.(161 

o.oeo 

0.081 

1.40 
1.04 
4.00 

8.00 

».ia 

i.et 

£.19 

44 

43 
81 

17 
98 

18     1 

98 

■   '*90" 

90 

90 

980 

9to0 

11 

8to8 

8 

St««lplAto 

0«vl8 

18  to  9 

Braaii  doth * , 

9to8 

8tol 

»* 

8toO 

%7An 

1&2 

li 

18 

8 

D.HiO 

1.69 

m 

900 

8t&0 

9 
tO&ll 

1 

ItoB 

II 

10 
18 

to     1 

.S 

0.080 
0.051 

IO.BI 

1.89 

i.ao 

7.94 

98 
98 

81 

780    I 

4S 

9.8  to  9 

M 

f.AGoO 

18 

Steelplate 

«i.ll09i.9 

1 

1  AB 

10 

10.11 

7,94 

81 

84 

98.9  to  9.1 

• 

IAS 

BrA«8doltl..*.., 

14 

4 

0.18T 

4.fl 

48 

98 

t.8toi 

4 

1 

s 

lto4 

18 

IS 

IB 

8 
8 

8 
8 

OJOB 
0,108 

o.ort 

0,078 

9.89 
S.69 
1.98 

1.98 

87 

m 
m 

87 

88 
SI 

8tol.i 

M 

** 

9,8  to  0 

li 

i.8to0 

1.8  toO 

7AH| 

1 

i 

M. 

n 
m 

10 
19 

0.088 
0.048 

tM 
l.» 

84 
88 

\  ™ 

14 

f.sioo 

e&ii| 

1 

** 

19 
90 

10 
14 

o.ofie 

0.038 

0;01 

m 

1     70 

9.8«o0 

IS 

1  to8 
ItoS 

41 

S 

1 
8 

0.^ 
0.1U8 

9.50 

45 

87 

9S  t  to  9.1 

II 

9.8  to  8 

m 

1 

1 

WhitA  cul  Aron  fdAte. . 

JnO'^TS 

9.81 

90 

84  OtoH.l 

t 

1 

8t«rtplftl«.....,Vr,**;i 

S' 

n  0.818 

8.00 

98 

S.ltot8 

9 

1 

Copper  i^oth ..,,. 

4 

0J41 

S.S8 

m 

ifitoS.I 

4j 

1 
i 

14 

19 
H 

8 

8 
8 

0.1C8 
O.Qft4 
0.000 

9.87 
S.lfl 
1.69 

m 

98 
98 

8.8^4.8 

u. 

4^to0 

1 

u 

14 

0 

O.Q&t  1 

9.18 

98 

e. 

9 

m 

18 

8 

0.000 

1.59 

9S 

4*8  too 

S 

«i 

8 

0.080 

i.a 

98 

' 

1 

•1 

18 

8 

0.080 

1.G9    , 

91 

' 

T 

t 

ii                   * 

18 

10 

0.08! 

1.8D 

98 

4.8  to  8 

8 

li                 »»        •• 

18 

10 

0.081 

1.80 

90 

4 

w 

10 

19 

0.041 

1.04 

94 

* 

1 

♦»               ** 

10 

19 

0.011 

l.W 

94 

i 

9 

a 

** 

10 

io 

li 

14      1 

0,041 

O.088 

1.01 
0.01 

»4      1 
98 

4.8  loO 

4 

» 

90 

14 

0.088 

O.Bl 

98 

1 

•1 

li 

8 

0.064 

a. 18 

98 

fl 

a 

4i 

18 

8 

o.ooo 

i.ev 

98 

8 

H 

18 

8 

0,080 

i.ea 

13 

'    ....*. 

9.1  to  8 

i 

W 

18 

8 

o.oao 

l.«9 

98 

1 

■i 

18 

8 

0.080 

I. a 

91. 

10    , 

i 

la 

16 

8 

0.080 

1.5i 

m 

It  tot 

8 

•t 

18 

10 

O.OBl 

1.10 

98 

4                  "         ,.J 

18 

10 

0.U61 

1.30 

88 

M15        ■ 

^H 

^      JIQ8, 

1 

^          M3           1 

^B 

TABLE  279, — jro  8CHEENS. — ConUtiucd,                                     ^H 

1 

JlcKo. 

Slere 
No. 

MAteriAlof  5cr««a. 

ThJdi- 

np^BOf 
Wire  or 

PlAte. 

MMhes 

Inch. 

N«tSiM0f 
Hole. 

of 
Open- 

Ulg. 

Uf  e  of 
Scree us 

Sizeof                     1 

Feed  to  the                 ■ 

aw.o. 

Inches. 

Mm. 

IMyi. 

Mm.                      1 

40 

1 

1 

lto8 

1 

BnsB  cloth              . .  * 

4 
8 
4 
4 
5 

20io7                          M 
rto4.9               ^^H 

dteeldoth...... ,. 

IS 
IS 
18 
14 

0.824 
0,14J 
0/Hl 
0J17 

6.00 
8.68 
a.5S 
8,97 

4& 
88 
89 
84 

840 
1861 
110  J. 
110 

■i  .J 

*» 

L» 

1 

It 

i.6ftd 

tto8 

'*                      ..■.**•...•■. 

18 

10 

0.061 

1.80 

96 

60 

^^1 

41 

8 

lft8 

lto8 

Brafls  cloth .  ^  ^  * 

16 

4 

0JB5 
0.95 
0.96 
0.185 

0.185 

4,70 
6.85 
6.85 

8.48 

8.48 

65 

'"46  J 
46 

\ 

15.9  to  9*9             ^^M 

6.85  to  9  J           ^H 
8.9to0                ^^M 

Ptat«(op  ...,*.»),,,,,.., 

Plate  (u) 

Brass  cloth , 

16 
16 

9 

5 

9 

1U»4 

*« 

17 

6 

0.t09 

9. 77 

48 

8.9  to  0                ^^H 

8 

9ft  to 
11 

lto4 
lto4 

1to8 
tto8 

t4 

18 
18 

80 
IB 
18 

6 
10 
19 
6 
7 

Q.tm 

0.051 
0.048 
0J18 

1.08 
1.80 
1.28 
8.00 
2.80 

87 

96 

48 

..,.<•., 

8.9  to  0            ^^m 

8.9  too                 ^^H 
8.9to0                 ^^M 

to                    ^^M 

a.2too             ^^M 

»«. 

*« 

ti 

»*        ,«*,,. 1 

4i' 

1 

1 

CloUi..... 

4 

860 

19.7  to  6.89            ^^M 
6.86  too              ^^1 

Bnw  cloth 



8 
4 

SftStoil 
15  to  17 
lift  18 

1  I 

IftS 

i»        ^    ^ ^^ 

8 

10    \ 
10    t 

18  r 

19  t 
14    f 
14 

6.85to0             ^^m 

6.85  too               ^^1 
S.54to0               ^^1 
6.86to0               ^^M 
9.64to0               ^^H 

6.86  too               ^^H 

*.;:"!:";;;; 

t* 

48 

1 

•i 

8 

4. 
6 

ifti 

Iron  cloth .  ♦ 

18 
90 
90 
91 

4 

6 
6 
10 
10 
19 

0.169 
0.081 

0.076 
0.0IS5 
0.065 

O.OSI  1 

4.99 

9.18 
1.98 
r.06 
1.65 
l.BO 

46 

96 
87 
49 
49 

87 

86 

60 

95.4  to  11.1            ^H 

ll.lCoO                ^^1 

»« 

•a 

i« 

ifti 

tt 

if 

14 

0.089  , 

0,99 

80 

-] 

ll.ltoO               ^^M 

i.sutoo           ^^M 

6' 

**            *«,i*»»..»* 

90 

91 
18 
18 
90 

10 
14 
8 
8 
10 

0.005 
0.080 
0.076 
0.076 
0.066 

1.66 

0.90 
1.98 
1.98 
1.05 

48 
80 
87 
87 

48 

60 

8toi                  ^^1 

1* 

*t 

»t 

9^ 

*t 

IB       ' 

80 

90 

8 
10 
10 

D.0T6 
0.065 
0.005 

l.Kl 
1.65 
1.65 

87 

48 
49 

9to0                   ^H 

«i 

"             ^^    ^,. 

41 

i 

9| 

PlEte 

p0.60 
O.OBO 

O.OflS 

18.7 
9.90 
1.78 

4.76  too               ^^1 

BrmMctotli 

80 

21 

B 
10 

68 
46 

1 

8 

** 

M 

91 

94 

10 
19 

0.068 
O-rtiJl 

1.73 
1.56 

46 
54 

4.76toO               ^^1 

b 

< 
8J 

*t 

91 
86 
86 
96 

19 
16 
10 
90 

O.OOI 
0.048 
0.048 
O.OffiJ 

1.56 

1.00 
l.llQ 
0.81 

54 
47 
47 
41 

...... 

4.76toO              ^^1 

II 

U 

■ 

'         •- 

*»                ,,,,■,.,.,,.• 

91 

10 

0.OIJ8 

1.7S 

46 

^^^^1 

P 

*« 

94 
86 

19 
16 

0.001 
0.tM8 

I.B6 
1.00 

54 

47 

L,,,.. 

1.78  too                ^^M 

14 

fa 

7, 
If 

„                     

94 
86 

96 

19 
16 
16 

0,061 
0.04S 
9.0IS 

1.55 

1,00 
1.00 

54 

47 
47 

1.78to0               ^^1 
9.54  too               ^^M 

** 

■ 

'   si 

„                    '•*•* 

86 
96 

16 
90 

0.018 
O.tKA 

1.09 
0.81 

47 
41 

t 

ISStoO             ^^1 

i.ootoo           ^^M 

■ 

9 

41 

96 

90 

O.OSK 

0,«1 

41 

■ 

**                   ••      •••■• 

94 

19 

0.061 

1.B5 

54 

^^^^1 

■ 

SB 

i* 

85 

10 

O.OIS 

1,00 

47 

^^M 

■ 

**               •■••.**«•••** 

86 

90 

0.032 

0-Bl 

41 

■ 

•t 

85 

16 

0.043 

1,00 

47 

^^^^1 

14^1 

■4 

96 

16 

o.oia 

1.08 

47 

^^M 

M 

90 

90 

0.039 

0,81 

41 

48 

1 

•1 

90 
91 

8 
10 

O.OBO 
O.OOfl 

9.99 
1.7S 

69 
46 

t« 

^H 

1 

** 

9t 
£1 

10 
12 

0.068 
0.061 

1.73 
1.80 

46 

87 

J«c 

^1 

8 

IftS 

M 

91 

18 

o.noi 

1.80 

87      1 

450 

^^M 

*{ 

l» 

91 
98 

19 
14 

O.OIil 
0.040 

1.80 
1  17 

87 
41 

\  460 

4.76  too              ^^1 

i 

Iftt 

*1 

98 

14 

0.016 

1.17 

41 

460 

^^M 

'\ 

88 
99 

14 

10 

0.046 
0,048 

1.17 
1.09 

41 
47 

-  600 

^H 

1 

*• 

91 

10 

O.Oflfi 

1.78 

46 

^^^^1 

7< 

it. 

91 

21 

19 

12 

0.051 
0051 

3.30 
1.30 

37 
87 

t  800 

9.i9toO               ^^M 

Vl       8 

,..,... 

^^^^^^^^^^^^J 

544 
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TABLE  27!). — JIG  SCREKN'S. — Concluded. 


& 

Jig   ^0. 

No. 

H&torial  of  BcreeD. 

Thick' 

Wire  or 

Plato. 

Mtwlioti 
Inch. 

Hole. 

of 
Open- 

Life  of 

% 

Bdtwtm 

&•-; 
io; 

11 

itJ 
{ 
1 

ti 
r 

4 
0 

8 

1 

«l 

8 

4^ 

a 

1 
8 

J 

1 
8 
8 

4 
B 

H 

8 

4Aft4b 

1^2 

1  to3 
itoB 

Itot 

lto4 
ito4 
1to4 
lto3 
1U>3 

1  to  8 
t&9 

Bnmclotli » 

B.  W.  G. 
81 

ts 

88 
81 
83 

83 
83 

8S 
^ 

85 
25 

ts 

80 

ta 

23 

to 

2i 
ti 
24 
24 
25 
8& 
20 

24 
25 

ta 

to 
ta 
ta 
to 

to 

SI 
21 
tl 

81 
88 
23 
85 
81 
81 
81 
tl 
81 
83 
SS 
88 

as 

85 
80 

8a 

11 

13 
13 
14 

la 

IT 

18 
14 
14 
18 
14 
14 
14 
14 
10 
14 
Ifl 

la 

10 
13 
18 
10 

I 
J 

12 
14 
14 

la 

10 

It 

14 
It 
14 

la 

14 

la 

10 
8 
10 
10 
18 
It 
14 

ii 

IS 

18 
18 

» 

la 

la 

if 

8 
4 

6 

8 

8 
4.0,0,8 

81.10.10,10 

1.  io,  10 

]0,10,1( 
8 

a 
It 

IS    ^ 
18     ] 
14     1 

14      ' 
18 
14,14,14 
tH 

0.051 
0.010 
0.040 
0.051 
O.OiO 
0.040 
0.040 
0.040 
0,018 
0.048 
0.018 

o.oa 

0.048 

O.QSg 

>    0.088 

0.07B 

0.1S8 

o.ow 

0.097 
O.Ofll 
0,001  ' 
0.061  1 
0.051 
0.046 

o.o?s 

0,051 
0.05! 
O.OQt 
0.061 
0.04A 
0.05S 
0.045 
0.046 
O.OTO 
0.068 

o.oeg 

0.061 
O.OBl 
0.046 
0.046 
0.043 
0.OC8 
0.061 
O.OBI 
0.061 
O.OGl 
0.046 
0.04a 
0.040 
0.043 
0.04S 
0,038 
0.0S8 
0.280 
0.888 
O.Bffii 
0.107 
0.12a 

o.offr 

Mm. 
LHO 

i.n 

1.17 
1.90 
1.17 
M7 
I.IT 
147 
1.08 
I.IT 
l.OB 

i.og 
1.00 

O.SfT 
0.B7 
I.BI 
8.35 
8.40 
8.40 
1.S5 
l.l» 

i.ao 

1.30 
1.14 

i.ii 

1.65 
1.30 
1.55 

I.ao 

M4 
1.80 
1.14 

1.14 

t.te 

1.7B 
1.78 
1.80 
1.80 
1.17 
147 

i.oe 

t.T3 
1.30 
1.30 
1.80 
1.80 
1.17 
1.17 
1.17 
1.00 
1.09 
O.OT 
0.S7 
7.11 

a.c6 
a,05 
4.m 

3.85 

1-TO 

17 
41 

& 

41 
41 
41 
41 

47 
41 
47 

47 
47 
47 

60 

81 

00 

ao 

M 
U 
61 
61 
58 
50 

Oi 

61 
64 

61 
68 
61 
58 
08 
68 
46 
46 
ST 
87 
41 
41 
47 
40 
87 
87 
87 
87 
41 
41 
41 
47 
47 
47 

Si 
l\ 

1  aoo 

;  400 
'  400 

lioo 

p  000 

E 

800  [ 
800 

\^  Bcn 

H  450 

'  000 

*  no  1 

About 
TO 

Aboat 

Jfm. 

40 

tl 

l.-WloO 

4* 

il 

** 
if 

1.30  too 

** 

1.00  la  0 

U 

«* 

l.ITtoO 

»*                   ' 

M. 

147 1«0 

4T 

1^1 

86.4  too 

tl 

4.?0toa 

kl 

tl 

4.76  too 

H 

tt 

4.»toO 
4.78  to  0 

tl 

ft 

ti 

tl 
tt 

8J6toO 

11 

II 

8.46  to  0 

f| 

*l                  _  ^ ^^^^ 

II 

I.50to0 
l^toO 

tl 

II 

4.70  to  0 

4a 

II 

H 
tl 

4.7StoO 

II 

4.78  too 

ii 

tl 

4,78to0 

It 

II                      4,g   ,*t   n ' 

4t 

t.tBtoO 

tl                 *  ]  i  .*  m  ,  .  .  . 
tl 

l.TOtoO 

** 
i« 

11 

MDtoO 

U 

tl 

m 

** 

*i 

147  toft 
ioto«.5 

i* 

a.otoi 

u 

iE<|l.K 

Clotb  *...  .'.'.*.*'.*... 

ItoOiDi^ 

88 

Ste^  oloth 

fl  to  10  me^ 

II 

10  &mli  Co  Il- 

ti 

ia  is«b  toft 

u 

lOmeafalo(L 

II 

81 

II 

10  to  16i^*> 

Bpvsa  cloth*..!...... 

t« 

.*..».*. 

*i 

il      ♦*!!!!!.'!!! 

to  toSiiM^ 

tl 

MtoX^itfii^ 

4| 

........ 

h»toOm^ 

(a)  These  ure  10-h<iur  da^a  All  the  others  are  84-hour  days.  (6)  See  T\^.  331.  ic)  Or  IT^  10  3  ms 
rblJt  ij  American  Wii^  QAug«.  (e)  This  n^  has  six  Itos,  all  with  10>mesh  c%^ppc  r  cloth  eer««o.  Tbe 
fed  are  n^pecilvoiy  7  mm.,  7to&,6to8,8to0,  8to0  (£tt  spigotX  and  8  to  0  {a^eond  np^^ot  1.    K  ' 


U) 


.  „_, . , r^ ^^   .      \J\tt>^^ 

doulik^  flcre«t»,  tht^  lower  lA^er  beinsoDarser  and  used  to  support  the  uppw^  wttlcli  ifl  finer,    ym  Ttiia  oUQ  ^ 
old  trommel  i^^reeos.    ^jij Theae are  Washburn  and  Moen gauge.    (0 Tow mlU  hj^ ^^e  Jig»  witli iJevei l^^^ 


JIQS 


545 


f«intu»r  is  &  tU* 
nn^:  Throush  ^  ^ 


"  f  ff  are  rpiprt^tivt^lf  15}  to  7.9  mm,  7.0  to  fi.1  mm  ,  Bt  fo  3  3  mm., 
|.;*'t>  (J  )  Th4:*i'  are  old  trotuun?!  screetis  aurl  tlit*  holeii  ar<?  V4  incto 
.!»  ^i|i?s.  of  which  thf'  ftrsi  three  liavt>  8.  113  and  13  in<^Hh  Iron  rloth 

"  '     '  '  "    ^i  hra<w  oIr»ih.    The  8iic»  feci  »re  Uie  SArriM  as  in 

Ti  Ih'*  hoi  8.    iT?i)  Tht'fte  tiolea  ore  ruund  and  are 

d  are  {"^  inch  apart,  epoter  to  ocmter.  punched  In 

I  ii      1  u-iuii..  I  «iih  round  holes.    1 1>)  Thia  ig  a  round  hole.    i^iTJie 

le.    tn  Vhi^  mdJ  has  hIx  jigs  with  iteel  cloth  ttlev«0  of  4,  0,  8,  10,  IJ  and 

ret*n  with  which  it  is  idenUo^il)  meshes  respectiTely.    The  materials  fed 

t(on  12,  through  13  (firat  Bpii^otji,  LhrouKh  18  (Mooucf  spigot),  iLod  throuifh 


§416.  Materials  for  Jia  Screens* — The  practice  of  the  mills  in  the  use 
of  jig  screens  is  given  in  Tabic  279. 

The  materials  u?ed  in  the  mills  are  white  cast  iron,  steel  punched  plate,  steel, 
iron,  brass  and  copper  wire  cloth*  Bronze  wire  cloth  w^as  tried  in  Mill  39,  but 
the  results  were  ungati8faetor}\  Furman  finds  also  punched  Russia  iron  plate 
and  copper  plate  in  use  on  jigs*  White  cast  iron  and  steel  punched  plate  nave 
the  advantage  of  cheapness  and  stand  the  rough,  hard  usage  for  coarse  jigs. 
For  fine  screens,  however,  punched  plate  has  too  small  a  percentage  of  opening 
and  tends  to  blind  up  more  than  cloth.  The  sharp  edges  of  the  holes  in  plate, 
causing  a  vena  contracia,  reduce  the  flow  of  water  still  more  than  the  percent- 
age of  opening  would  imply.  White  cast  iron  with  round  holes  is  used  in  the 
coarse  jig  of  one  mill  only  (39).    This  screen  is  made  in  two  sections.     The 

holes  are  conical,  |  inch  diameter  at  the  top  and 
i  inch  diameter  at  the  bottom,  to  avoid  blinding. 
Cast  iron  gratings  are  used  in  the  coarse  Jigs  of 
two  mills;  that  in  Mill  IG  is  made  in  eight  panels 
or  sections  with  V-shaped  bars  running  across  the 
jig.  One  section  is  shown  in  Fig,  331,  The  c<in- 
struction  of  the  screen  in  Mill  10  is  very  similar 
to  the  preceding.  Steel  punched  plate  is  usud  in 
B«cti<mofjBar  the  coart?e  jigs  of  four  mills,  in  the  medium  jigs  of 
one  mill  and  in  the  fine  jigs  of  one  mill. 

Steel  cloth  has  a  larger  percentage  of  opening 

than  castings  or  plate  and  is  used  on  coarse  and 

fine  jigs.     It  is  used  in  all  the  jigs  of  nine  mills, 

in  the  coarse  jigs  of  six  mills  and  in  the  line 

jigs  of  one  mill.     Iron  cloth  is  cheaper  than  steel 

cloth,  but  it  corrodes  more  rapidly.    It  was  found 

in  the  coarse  jigs  of  three  mills.     Brass  cloth  is 

comparatively  hard,  though  softer  than  steel  and 

it  resists  corrosion  much  better  than  steeL     It  is 

used  in  all  the  jigs  of  ten  mills  and  in  the  fine 

of  nine  mills.    Mill  86  has  no  difficulty  in  using  brass  cloth  screens,  while 

unched  plates  were  discarded  on  account  of  their  low  percentage  of  opening. 

heavy  pyritic  ore  did  not  work  down  into  the  hutch  freely  enough.     At 

1  34,  brass  cloth  was  need  to  replace  steel  cloth  which  rusted  out  while 

mill  was  shut  do^-n.     It  is  probable   that  either  steel   or  brass   screens 

Id  be  prevented  from  corroding  during  the  time  when  the  mill  is  idle  by 

hick  coat  of  black  varnish.     Copper  cloth,  although  quite  soft,  resists  cor- 

ion  better  than  any  other  of  the  materials  named.    It  is  used  in  all  the  jigs 

four  mills  and  in  the  fine  jigs  of  three  mills, 

Summing  up,  it  will  be  seen  that  in  jigs  cloth  screens  greatly  predominate, 

ilc  in  revolving  screens  plate  predominates,  and  in  gravity  stamps  the  two  are 

mt  equally  divided.     For  a  further  discussion  of  the  properties  of  various 

'    for  screens,  the  reader  is  n?ferred  to  §  154  in  gravity  stamps,  and  §  274 

\g  screens.     He  should  bear  in  mind,  however,  that  jig  screens  do 

ch  hard  usage,  because  they  are  better  supported  fiw4  \.Wt^  vsx^  X'^^'^ 
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subjected  to  attrition.  The  utilization  of  old  trommel  screens  for  purposes  of 
economy  is  practised  in  Mills  26,  35  and  41.  Mill  24  is  noteworthy  as  using 
two  sieves,  a  coarser  beneath  and  a  finer  above,  in  addition  to  the  usual  support- 
ing bars.  This  device  is  to  prevent  flexure  of  the  finer  sieve  and  thereby  to 
lengthen  its  life. 

§417.  Percentage  of  Opening. — The  mill  man  should  decide  upon  the 
size  of  hole  that  he  wants,  rather  than  the  meshes  to  the  inch,  and  should  order 
sieves  on  that  basis.  For  logical  reasons,  the  size  of  hole  is  discussed  later 
(see  §427). 

Then,  for  any  given  size  of  hole,  a  large  wire  would  appear  at  first  sight  to 
have  the  advantage  of  greater  durability  than  a  fine  wire ;  but  it  gives  a  smaller 
percentage  of  opening,  making  the  jigging  less  free,  requiring  greater  piston 
pressure  for  the  pulsion  and  suction  and  causing  greater  flexure  and  strain 
upon  the  sieve,  which  will  partially  reduce  the  advantage  sought  and  may  even 
give  a  shorter  life  than  the  fine  wire.     The  author  is  unable  to  prove  this  state- 
ment from  Table  279.     Comparing  Mills  28  and  30,  the  figiires  on  life  seem  to 
disprove  it,  but  comparing  Mill  30  with  Mills  24  and  40,  it  would  seem  that 
nothing  has  been  gained  by  the  large  wires  of  Mill  30.     The  size  of  the  wire 
also  affects  the  tendency  of  the  sieve  to  blind  up.     The  smaller  the  wire,  the 
more  flexible  will  be  the  sieve  and  the  less  will  be  the  tendency  to  blind.    Cloth 
made  of  too  fine  wire  will  have  its  wires  spread  and  lose  its  size  of  mesh,  even 
if  the  cloth  is  double  crimped.     The  cost  of  the  cloth,  which  diminishes  rapidly 
as  the  wires  are  reduced  in  size  (see  Table  281),  furnishes  an  additional  reason 
for  using  small  wire.     The  tables  show  that  natural  development  has  recog- 
nized these  advantages  and  that  the  sieves  used  for  jigs  have  smaller  wires  and 
larger  percentages  of  opening  than  those  used  in  the  revolving  screens  or  gravity 
stamps. 

Where  punched  plate  is  used  it  will  probably  be  advantageous  to  punch  the 
holes  closer  together  than  for  revolving  screens,  and  it  may  also  be  better  to  use 
thinner  plate.  The  tin  plate  which  has  found  so  much  favor  in  California 
stamp  mills  might  serve  well  for  jigs. 

§418.  Life  of  Sieves. — Table  279  of  the  life  of  jig  sieves  is  interesting  in 
a  general  way,  but  there  will  have  to  be  a  certain  reservation  in  regard  to  all 
comparisons  drawn  from  it,  for  the  conditions  differ  greatly  in  the  mills.  The 
ore  may  be  hard  and  cutting,  or  it  may  be  soft.  The  water  may  be  acid  and 
corrosive,  or  not  so.  Sieves  that  are  overcrowded  with  work  \n\\  probably  have 
shorter  lives.  The  action  of  the  mechanism  may  or  may  not  be  severe  upon  the 
sieve.  The  height  of  the  tail  and  other  adjustments  may  be  more  or  less  favor- 
able to  long  life  of  sieves. 

In  Mill  27  the  action  of  the  jig  mechanism  is  more  severe  than  that  in  any 
other  of  the  mills  visited,  and  the  life  of  the  sieves  is  shorter.  In  Mills  21., 
38  and  43  the  life  of  all  the  sieves  is  shorter  than  the  average.  In  21  it  may 
be  due  to  the  cutting  action  of  pyrite  and  the  corrosion  of  acid  water ;  in  38  and 
43  it  may  be  due  to  corrosive  action  of  acid  and  of  copper  salts.  In  Mills  It' 
and  25  the  sieves  have  long  life.  This  may  be  due  to  the  softness  of  galena  and 
the  lack  of  corrosive  action. 

Taking  an  average  of  all  the  lives  6f  sieves  that  have  been  obtained  from  the 
mills,  we  find:  108  steel  sieves  have  68.5  days  average  life;  177  brass  sieves  have 
243.7  days  average  life;  39  copper  sieves  have  213.6  days  average  life.  This 
suggests  the  fact  that  corrosion  is  much  more  effective  in  destroying  jig  sieves 
than  is  attrition,  for  if  this  were  not  so,  copper  would  be  the  shortest  lived  and 
steel  the  longest.  The  extraordinary  jump  between  jigs  2  and  3  in  Mill  30 
seems  hardly  to  be  explained  in  any  other  way. 

A  few  other  points  are  interesting.    Mills  27  and  40  demonstrate  that  the 
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{U/i-  «f  BtcH^l  scirnis  ts  phortcr  for  the  finer  gicves;  Mill  13,  howeverj  (^hows  the 
verse.     Mills  30,  .15,  38,  4*i  and  48  i?hrnv  tfiat  the  life  nf  bnjss  sieves  is  longer 

TABLE   280. — LIKKENfiACll's    FIGURES  ON   JIO  SCREENS. 


8li«of 

Feed. 

SizeofHote 

In  SJeve. 

Kind  of 

BJev«. 

Life  of  Sieves. 
TeD-tTour 

Sblfta. 

Lm^khof 
Wimper 
Stroke. 

Number  of 

Strtikee  per 

Minute. 

HLm. 

Mm. 

Mm. 

80-30 

10 

Bleel  platp. 

460 

75 

110^120 

ia-«o 

6 

Stoel  pint**. 

800 

«S0 

no-iao 

8-1$ 

4 

St*'el  plAltv. 

850 

60 

iio-iao 

h-% 

8 

BroAS  clorli 

100 

48 

lao 

»^5 

a 

Brass  cloth 

90 

86 

lao 

8-8 

iH 

BriUM  cloth 

75 

» 

140 

>i-2 

I 

BnmoloUi 

fiO 

16 

140 

for  the  finer  than  for  the  coarser  sieves.     Mill  25  shows  the  same  to  be  true  for 
'^copper;  but  Mills  24  and  43  show  no  regular  increase  or  decrease  for  copper 
Linkenbach*s  figures  are  given  in  Table  280.     These  figures  differ  from  those 
of  the  author,  steel  lasting  longer  than  brass  and  coarser  screens  much  longer  , 
than  finer,  probably  owing  to  some  difference  of  condition,     The  author's  figure^^ 
are,  however,  taken  from  a  large  number  of  mills. 

Knnhardt  finds  in  practice  tliat  the  head  end  of  the  sieve  wears  faster  than 

TABLE  281. — SIEVE  V^riRES  AND  PRICES. 


4-iii€ah. 


DUuneier 

of  Wire  to 

InobfMi. 


Price  per 

Sciiure  Foot. 


S-ciefih. 


Diameter 

of  Wire  In 
Inchee. 


Price  per 

Sqtiare  Foot 


16- mesh. 


Dfametflr 

of  Wire  in 

Iiiclie§. 


Price  per 
Sqii&re  Foot, 


SO-meah. 


Diameter 

of  Wire  in 

iDchee. 


Price  per 
Square  Foot, 


IKON  OR  STEEL, 


O.IW 

fO.73 

O.O08 

90.00 

0.(W 

SO.OO 

O.OJfl 

lo.ee 

o.oe 

0.3S 

0.041 

^.83 

o.oso 

O.SS 

0.014 

0.47 

0.06S 

0.87 

O,OS0 

0.83 

O.Otfi 

0.17 

o.ifia 

0.ftl 

0.041 

0.11 

QAm 

0.13 

0.01 SB 

o.t« 

0.01 

0.i» 

0.f«8 

0.08 

0.017 

ojyr 

0,0005 

0.08 

o.ooo 

0.19 

BRASS  OR  COPPER 

O.ISO 

$4.00 

O.OQI 

93.00 

0.035 

$a.oo 

0.017     1 

fl.TS 

0,00 

lib 

0.017 

L75 

O.OSB 

1.90 

0.0146 

0.00 

o.ofa 

0% 

o.oss 

0.86 

o.oa 

aoo 

0.01« 

0.66 

0.047 

0^ 

O.UfiS 

0.60 

0.017 

0.46 

0.01 

0.48 

o.oes 

o.ie 

0-(« 

0.85 

0.0135 

0.80 

0,008 

0.30 

TABLE  282. — COST  OF  JIG  SCREENS. 
AblirevlAttoiiifl.^6.  W.  O.^Bfrtnia^h&m  Wire  Gauice;  C.  L=Caat  Iron;  Iii.=lzicli;  No.^sQumber. 


^ 

BUtMiAlof 
Screeoft. 

Heebesper 
Linear  In. 

Size  Wire. 

Cost  per 

Square 

Foot. 

Mill 
No. 

Material  of 
Screeos. 

MesheepeT 
Linear  In. 

SUse  Wire. 

Cortpor 

Square 
Foot, 

Ht. 

B.  w.  a. 

Cents. 

B.  W.  0. 

Oente. 

^Hbt.  sratiDfT. 

^-lo.  space 

0.98  inch. 

44 

U 

Copper  doth 

6 

18 

96 

■ 

||Ml<»«>Ul'* 

1J4  Inch. 

40 

10 

19 

m 

r 

fi  inch. 

0.15  inch. 

45 

■1          *i 

14 

88 

35 

■' 

»»       ill 

S  Inch. 

OJSioch. 

36 

**          ** 

90 

£6 

84 

Br 

Copper  cloth 

7 

16 

00 

85 

Steel  plate,.. 

4  mm. 

A  to.  thick. 
A  In.  thick. 

M 

**          ** 

10 

18 

00 

M         *" 

amtn. 

94 

»i          »♦ 

19 

10 

00 

Uraasdoth.. 

e 

14 

80 

'•          ♦' 

16 

98 

CIO 

♦'        *• 

7 

14 

80 

S) 

Ht«>IC$oth... 

4 

10 

15 

tt        t» 

8 

10 

80 

6 

18 

10 

tl                      Ll 

10 

18 

80 

M              ♦» 

10 

80 

90 

40 

Steel  cloth,.. 

8 

19 

39 

M             ** 

19 

98 

80 

Lt       *« 

4 

12 

98 

M             ♦• 

16 

n 

10 

»t       M 

S 

14 

88 

lSL 

Copper  Cloth 

4« 

14 

78 

u         u 

10 

38 

94 

be  Utl  end,  and  in  certain  mills  the  head  wears  out  at  two-thirds  of  the  life 
the  fiir         "       ;  '  hed  and  the  sieve  serves  the  remaining  third, 

§419,  '  lig  to  the  uncertainty  of  G^ut^  o^^Xa^  Vt^^sx 
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practice,  which  may  or  may  not  include  varying  freight  charges,  the  anthor 
quotes  prices  from  a  trade  catalogue.  The  W.  S.  Tyler  Co.  give  in  their  cata- 
logue, prices  and  sizes  of  wire  for  screens  from  which  Table  281  is  compiled. 
These  prices  are  presumably  subject  to  a  discount,  but  they  serve  to  show  how 
much  the  cost  is  lessened  if  smaller  wires  are  used  and  also  to  show  the  relative 
cost  of  the  different  materials.  Table  282  shows  the  cost  of  screens  in  a  few 
of  the  mills.  These  figures  are  much  more  closely  in  harmony  with  Tyler's 
figures  than  they  at  first  appear.  The  variation  in  the  thickness  of  the  wire 
causes  the  apparent  inconsistency. 

§  420.  Slope  of  Jig  Sieves. — In  this  country  nearly  all  the  sieves  are  level. 
A  few  exceptions  may  be  noted,  all  of  which  seek  to  even  up  the  conditions  of 
the  whole  bed.  The  sieves  which  slope  downward  seek  to  give  more  load  toward 
the  tail  to  counterbalance  the  overload  at  the  head,  due  to  fast  feeding.  The 
sieves  which  slope  upward  toward  the  tail  seek  to  maintain  a  thin  bottom  bed 
of  equal  depth  all  over  the  sieve,  and  on  this  account  to  use  less  thickne^  of 
bottom  bed,  and  by  this  thinness  and  lightness  to  secure  more  rapid  treatment 
or  greater  capacity. 

In  Mill  14  on  No.  1  and  No.  2  jigs,  the  sieves  are  40  inches  long,  20  inches 
wide,  with  tails  8  and  9  inches  high  respectively.  They  slope  down  -J  inch  and 
1  inch  respectively  toward  the  tail.  These  jigs  have  also  three  cross  partitions 
on  each  sieve,  of  wrought  iron  i  inch  thick,  IJ  inches  high,  to  prevent  the  bot- 
tom bed  from  moving  too  rapidly  toward  the  tail  end. 

On  Collom  jigs  (see  Figs.  308a-308c),  it  has  often  been  found  on  the  tail 
plunger  sieve,  that  is,  the  sieve  which  has  the  plunger  opposite  its  tail,  that  the 
plunger  gave  more  pulsion  at  its  end  of  the  sieve  than  at  the  other.  To  correct 
this,  the  sieve  has  sometimes  been  given  a  slight  slope  toward  the  tail,  thereby 
lightening  the  whole  bed  at  the  head  end  and  evening  the  pulsion.  On  tk 
head  plunger  sieve  it  was  found  that  the  heavier  load  on  the  head  of  the  sicTe 
was  sufficient  to  equalize  the  pulsion  without  inclining  the  sieve.  The  amount 
of  slope  used  on  the  three  Collom  jigs  of  Mill  13  is  1  inch  in  45  inches,  1  inch 
in  33  inches  and  i  inch  in  45  inches  respectively. 

Many  coal  jigs  use  a  down  slope  toward  the  tail  to  increase  capacity. 

In  Mill  9  the  Henry  Faust  jig  is  used,  which  is  the  only  jig  known  to  the 
author  which  has  a  slope  upward.  In  it  the  sieves  are  42  inches  long  and  30 
inches  wide,  with  a  tail  board  6  inches  high.  The  sieve  is  1  inch  higher  at  the 
tail  end  than  at  the  head.  The  tendency  of  the  blende  to  be  carried  forward  so 
as  to  form  a  thicker  bottom  bed  of  concentrates  at  the  tail  than  at  the  head,  is 
in  this  way  balanced,  yielding  a  bottom  bed  of  blende  of  the  same  thickness 
from  head  to  tail.  This  even  thickness  enables  the  jig  to  be  run  with  a  thinner 
and  more  active  bottom  bed.  These  modifications  are  probably  partly  the  cause 
of  the  great  speed  of  jigging  by  this  jig — 80  tons  in  24  hours — as  compared  with 
that  of  other  jigs  of  the  same  class — 40  tons  in  24  hours. 

Foreign  practice  is  indicated  by  the  following  notes:  Eittinger^^  recommends 
a  slope  5°  to  8°  downward  toward  the  tail  of  the  jig.  Commans^*"  recom- 
mends a  slope  downward  toward  the  tail  of  1^  inches  in  3  feet  for  coarse  jigs 
and  i  inch  for  fine  jigs.  The  jigs  at  Przibram  have  a  gentle  slope  downward 
toward  the  taiP®.  Kunhardt*^  reports  a  slope  of  1  in  36  as  being  used  to  help 
the  sand  move  forward  where  water  is  scarce.  Linkenbach^'^  recommends  level 
sieves.  The  sieves  on  the  jigs  at  Clausthal  are  leveP".  In  conclusion,  it  would 
seem  that  the  high  slope  recommended  in  the  early  days  by  Rittinger  and  others 
has  given  way  both  in  this  country  and  in  Europe,  as  a  general  thing,  to  the 
level  sieve. 

§  421.  Methods  op  Feeding  Jigs. — In  most  cases  the  material  is  fed  to  the 
jig  at  the  head  end  of  t\\e  ftM  rieve  and  passes  over  it  and  the  succeeding  rieves. 
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three*  mills,  however— 16  No.  2  jig,  24  No.  2  jig  and  28  No.  1  and  No.  2 
^B — the  material  is  fed  at  the  middle  cross  partition  and  passes  in  both  direc- 
tions.    On  many  coal  jigs  which  have  but  one  sieve,  the  material  is  fed  at  the 
^ngitudinal  partition  between  the  plunger  and  sieve. 

It  is  important  that  the  feed  to  jigs  be  steady.     A  jig  with  an  automatic  dis- 

liarge  for  coarse  concentrates,  if  fed  irregularly,  will,  unless  very  carefully 

Itched,  when  overfed,  send  good  ore  into  the  tailings  and,  when  underfed,  send 

iste  into  the  concentrates,  owing  to  the  fact  that  these  discharges  are  slug- 

ish  in  responding  to  changed  conditions;  in  fact,  they  cannot  respond  siiffi- 

tently  to  meet  any  considerable  change.     A  jig  which  discharges  its  concen- 

ates  through  a  bottom  bed,  if  overfed  will  send  good  ore  into  the  tailings;  if 

underfed  it  may  send  a  little  waste  into  the  heads,  but  it  is  not  bo  likely  to  do 

this  as  in  the  above  instance. 

The  rate  of  feeding  of  jigs  is  controlled  by  the  fact  thtat  they  are  nearly 
always  fed  from  revolving  screens,  classifiers,  or  other  jigs,  all  of  which  machines 
deliver  their  products  at  an  almost  uniform  rate.  The  rate  of  feeding  may  also 
controlled  by  the  nse  of  automatic  feeders.  Thus,  at  Clausthal  in  the  Harz, 
Dppers  are  used  for  feeding  jigs  with  dry,  sized  products  down  to  1  mm.  The 
apper  has  its  discharging  slot  at  the  head  end  of  the  sieve  extending  nearly, 
not  quite  its  whole  wndth  (see  Fig.  337),  The  sand  works  down  through  the 
|ot  as  fast  as  the  jigging  work  takes  it  away.  The  width  of  the  slot  is  adjust- 
)Ie  to  suit  the  capacity  of  the  jig  on  the  material  treated.  A  hopper  so  run  is 
automatic  feeder*  This  device  is  quite  common  in  this  countr}^  on  coal  jigs 
rhich  have  only  one  sieve  and  are  fed  at  the  partition  between  the  phmger  and 
'"eve.  At  Przibram  an  automatic  fwder,  consisting  of  hopper  and  shaking 
ed  sole,  similar  to  the  Tulloch  feeder  in  principle,  is  used. 
It  is  important,  not  only  that  a  jig  be  fed  regularly,  but  that  the  material  be 
istributcd  over  the  whole  width  of  the  sieve,  so  that  every  part  of  the  jig  may 
ivc  full  jigging  duty  to  do.  It  is  also  important  that  the  feed  material  should 
[>me  to  the  jig  in  a  quiet,  gentle  manner,  so  as  not  to  disturb  the  whole  bed,  as 
rould  be  the  case  with  a  swift  plunging  current.  To  effect  both  these  results, 
aprons  or  feed  boxes  are  employed.  The  aprons  used  at  Lake  Superior  are  usu- 
^ly  of  wood,  covered  with  J-inch  iron  plate,  of  the  wndth  of  the  sieve  and  about 
ae  and  one-half  times  as  long  as  they  are  w  ide,  with  a  slope  of  7"",  or  1^  inches 
1  foot,  entering  the  sieve  box  exactly  level  with  the  top  of  the  tailboard, 
lis  form  has  the  advantage  that  it  can  distribute  evenly  and  gently  the  mixed 
ad  and  water  falling  upon  it.  Steeper  aprons,  up  to  45''  slope,  are  shown  in 
catalogues  of  some  of  the  large  manufacturers  (see  Fig.  3416),  but  the  jigs 
could  hardly  be  fed  as  gently  with  this  form. 

The  feed  box  (see  Fig.  306a),  is  a  ver}^  common  method  of  feeding  the  jig. 
It  consists  of  a  little  box  S  running  across  the  head  end  of  the  jig  outside,  with 
an  overflow  slot  cut  in  its  side  through  which  the  sand  flows  to  the  whole  width 
of  the  jig.  The  bottom  of  this  slot  is  generally  horizontal  and  level  with  the 
top  of  the  tail  of  the  sieve.  In  Mill  30  it  slopes  down  and  enters  3^  inches  above 
the  tail.  The  bottom  of  the  box  is  from  2  to  6  inches,  more  or  less,  below  the 
>t  and  in  it  rests  always  a  bed  of  sand  which  prevents  the  bottom  from  wearing 
It. 

When  tf^A  hoppers  are  used,  aa  previously  described,  aprons  or  feed  boxes  are 
Dt  necessary. 

Mill  25  feeds  its  jigs  by  a  2-inch  pipe,  discharging  nearly  horizontally  at  a 
^ighl  of  3J  inches  above  the  tail  level. 

§422*  Duop  Betwekn  Sieves. — The  tailboard  or  partition  l>etween  sieve?, 
|1<^     '  have  n  horizontal  straight  edge,  in  ord^r  thiit  the  wMele  sand  iriav 

I  equal  speed  from  all  parts  of  the  preceding  sieve,  ^u4\\.  ^Vti\\^\^ 
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beveled,  sloping  downward  toward  the  following  sieve,  so  as  to  clear  itsdf 
freely,  thereby  f onning  the  feed  apron  of  that  sieve.  The  almost  universal  con- 
struction is  shown  in  Fig.  306a.  In  the  coarse  jig  of  Mill  15,  however,  the 
tailboard  is  in  the  form  of  a  gable,  sloping  toward  each  sieve.  The  ultimate 
purpose  of  this  drop  between  sieves  is  to  facilitate  the  forward  flow  of  the  sand. 
Coarse  jigs  need  more  drop,  because  the  larger  lumps  are  less  mobile  than  the 
finer  sands ;  that  is  to  say,  they  do  not  become  level,  drop  into  layers,  or  move 
forward  toward  the  tail  with  the  same  speed  as  finer  sizes. 

From  Table  271,  we  find:  Mill  40  uses  2^  inches  drop  throughout.  Mill  20 
uses  2i  inches  drop  throughout.  Mills  10  and  21  use  2  inches  drop  throughout. 
Mills  16,  17,  26,  27  and  31  use  1^  inches  drop  throughout.  Mills  22,  28,  37 
and  92  use  1  inch  drop  throughout.  Mills  15,  30,  32,  35,  39,  41  and  86  use  a 
descending  drop  from  coarse  to  fine;  of  these,  Mill  32  has  further  a  descending 
scale  on  each  jig  from  the  first  to  the  last  sieve.  Mills  24,  25  and  38  show 
irregularity  in  the  amount  of  drop.  The  blende  jigs  in  Southwest  Missouri 
(Mills  9  and  10)  use  1^  to  2  inches  on  the  No.  1,  or  roughing  jigs,  and  for 
a  four-sieve  No.  2,  or  fini^^hing  jig,  the  drops  are  f,  f  and  0  inch  respectively. 
Kunhardt  recommends  1  to  2  inches  for  coarse  and  |,  |  and  0  inch  respectively 
for  a  four-sieve  fine  jig.  Linkenbach  recommends  40  nmi.  for  coarse  jigs,  20 
mm.  for  fine. 

It  is  clear  from  the  above  summary  that  a  large  proportion  of  mill  men  (thir- 
teen out  of  twenty-three),  think  it  better  to  have  one  standard  drop  suflScient 
for  the  coarsest  size,  than  to  vary  it.  It  is  significant  that  the  four  mills  which 
u?e  only  1-inch  drop  throughput  are  first  class  modem  mills. 

§  423.  Height  of  Tailboard. — The  height  of  the  tailboard  above  the  sieve 
vrill  be  the  measure  of  the  depth  of  the  whole  bed-  The  height  to  be  used  de- 
den  ds  upon  the  difference  in  the  specific  gravities  of  the  valuable  mineral  and 
the  waste,  and  upon  the  size  of  the  grain.     A  greater  difference  in  specific  gravity, 


FIG.  333. 

that  is,  an  easy  separation,  requires  less  depth  because  the  bottom  bed  holds  its 
level  better  than  when  tlie  difference  in  specific  gravity  is  less  (see  Figs.  332  and 
333).  Compare  in  Table  271,  Mills  22,  24,  27,  28  and  30,  jigging  galena,  with 
Mills  9,  10,  12  and  14,  jigging  blende  or  pyrite. 

The  coarser  grain  requires  a  greater  height  of  tail  than  the  finer,  in  order  to 
have  a  sufficient  number  of  particles  in  vertical  column.  A  jig  with  a  tail  only 
2  inches  high,  but  jigging  2-mm.  sand,  would  have  a  whole  bed  twenty-five  grains 
deep.  On  the  other  hand,  a  jig  treating  38-mm.  lumps  with  a  tail  6J  inches 
high,  will  have  a  whole  bed  only  four  lumps  deep. 

A  study  of  Table  271,  of  mill  practice,  taken  from  thirty-five  mills,  brings 
out  the  following  points:  A  descending  scale,  that  is  higher  tailboards  on  the 
coarse  jigs  and  lower  on  the  fine,  is  used  in  twenty-one  mills.  In  Mill  30,  using 
Harz  jigs,  and  48,  using  Collom  jigs,  the  figures  show  that  great  care  is  taken  of 
this  adjustment.  A  uniform  height,  approximately,  for  all  jigs,  is  used  in  ten 
mills.  A  rising  scale,  that  is  the  finer  with  higher  tailboards  than  the  coarser, 
is  used  in  two  mills,  14  and  86.     Irregularity  is  found  in  two  mills,  24  and  88. 

The  last  sieve  with  a  higher  tailboard  than  the  previous  sieves  on  a  multi-sieve 
jig,  or  with  tailboards  increasing  in  height  from  the  first  sieve  toward  the  last 
one  on  a  multi-sieve  jig,  in  a  more  or  less  perfect  series,  occurs  in  Mill  30.  The 
exact  reverse  is  found  in  Mill  18.    There  seems  to  be  a  logical  reason  for  having 
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!  tail  of  the  last  Bieve  higher  than  those  of  the  earlier  sieves,  because  the  heaviest 

[the  ore  has  been  all  taken  out,  and  jigging  lighter  material  needs  a  deeper 

lole  bed. 

extremes  of  height  are  found  in  Mills  12  and  14,  which  have  the  highest 

Is  and  in  20,  which  has  the  lowest  and  which  uses  a  bottom  bed  of  lead  bullets 

ich  are  very  heavy* 

The  CoUom  jigs,  not  including  the  modified  forms,  will  be  noticed  to  have  very 
much  lower  tailboards  than  the  Harz;  the  maximum  is  3J  inches  in  height  in 
Mills  35  and  42,  and  3  inches  at  Lake  Superior.  On  the  other  hand,  with  a  few 
exceptions^  mostly  on  the  finest  jigs,  the  llarz  jigs  have  tailboards  over  3J  inches 
in  height.  The  reason  for  this  is  that  the  positive  eccentric  and  large  plunger 
of  tlie  Harz  give  a  quiet,  easy  action,  while  tlie  Colloni  jig,  if  loaded  up  with  a 
whole  bed  4  to  6  inches  deep,  would  pound  budly  and  be  hard  upon  the  mechanism. 
Mill  13  is  an  exception.  There  the  Collom  jig  has  been  very  much  modified  as 
to  its  spring  ar)d  the  opening  between  plunger  and  sieve  compartments,  to  increase 
its  power  and  avoid  the  pound.  Mill  43  uses  a  4^'iiich  tail,  but  to  do  so,  has 
joined  the  hammers  of  Collom  jigs  directly  to  the  plunger  by  connecting  rods, 
giving  them  a  positive  motion, 

mm&  424.  Jigging  with  a  Stay  Box. — The  following  is  given  by  Kunhardt  as 
B&opean  practice:  "To  economize  in  the  ih-q  of  water  and  prevent  the  fine  ma- 
terial from  being  carried  off  the  jig  too  quickly,  the  water  in  such  tine  jigs  is 
almost  always  stayed;  that  is,  the  tailing*  are  discharged  through  a  long  slit  in 
th€  end  board  of  the  jig,  beyond  and  immediately  adjoining  which,  there  is  a 
stay  box.  The  latter  may  have  the  form  of  a  small,  hydraulic  classifier,  which 
delivers  the  heavier  material  through  the  bottom  and  the  lighter  stuff  as  overflow. 
The  overflow  level  is  set  at  least  2  inches  higher  than  the  discharge  slit  of  the  jig, 
80  as  to  produce  a  slight  head  pressure  and  a  deep  layer  of  water  over  the  whole 
bed,  with  a  tendency  to  check  the  main  current  of  the  jig.  In  another  form  of 
stay  box  the  jig  discharge  is  similarly  made  through  a  slit  a  couple  of  inches 
below  the  water  surface,  while  in  the  stay  box  there  is  a  float  from  which  hangs 
a  plug  that  regulates  the  discharge  opening  in  the  bottom,  according  to  the  water 
level  in  the  jig.  The  sands  and  meals  sink  to  the  bottom,  and  escape,  while 
most  of  the  water  is  retained." 

The  stay  box  gives  a  freer,  looser  whole  bed  and  one  in  which  the  various 
layers  find  their  level  better  than  without  it.  This  makes  up  for  the  lack  of  the 
carrying  current  for  transporting  forward  the  quartz,  and  avoids  carrying  un- 
finished fine  ore  into  the  tailings.     It  does  not  appear  to  be  used  in  this  country. 

C.  M.  Rolker"  (1877),  speaks  of  the  use  at  Lake  Superior  of  flat  cross  bars 
on  edge,  dipping  slightly  into  the  pulp,  to  cause  the  carr}nng  current  to  pass 
beneath  them  and  thereby  to  break  up  the  hardened  cake  and  enable  the  fine  cop- 
per to  settle. 

§  425.  MKTnoD  OF  RuxNiKO  Jigs, — The  work  of  the  jig  is  on  one  of  three 
lines:  A.  The  jig  makes  coarse  concentrates  and  tailings,  with  a  small  amoimt 
of  hutch  incidentally  from  attrition  of  the  large  grains,  B.  The  jig  makes  coarse 
concentrates,  hutch  and  tailings,     C.  The  jig  makes  only  hutch  and  tailings. 

~h<i  work  done  by  jigs  is  shown  in  Table  283,  and  the  class  in  which  it  belongs, 
ether  A,  B  or  C,  according  to  the  above  classification,  is  given  in  the  third 
omn.     The  table  shnws  that  of  300  jigs  there  are  76  in  class  A,  106  in  class 

^116  in  class  C,  1  doubtful,  either  A  or  B,  and  1  with  first  sieve  C  and  second 
In  the  Freiberg  district,  Germany,  in  1893.  out  of  126  jigs,  94  were  ia 

The  following  summary  of  the  table  shows  the  300  jigs  divided  into  groups 
ording  to  the  material  which  is  treated  and  each  group  subdivided  into  the 
irate  classes; 
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TABLE  283. — PURPOSE  AND  ADJUSTMENTS  OP  JIGS. 

IfOTB._Iii  some  CAMS  aerenl  Talues  will  be  found  for  one  jig.    Tfaeae  are  for  the  diflerant  aiefetof  tht 

AbbraTiAtioiui.—A.ut= Automatic;  Aut.  dis.= Automatic  discharse;  b.  d.sboz  da— ifler;  BUow=rBekm; 

dta.sdiacliarKe;  di8t.= distributor;  Gr.=Qraded  from:  H. = Hutches  (MT;  h.=hutch;  H.  m.  or  Hunt.  m.=Hiint- 

Kiare:  L.=I^ad;  Ib8.=pounds;  m.=mill:  ma.=machine;  Max.=Mazlmum;  No.^Number;  OT.sOversiaeof; 

stsitamp;  st.  st.=8team  stamp;  T.=Taiiiogs  of;  tr.=trommeI;  Tr.  ma.=TniDldDg  machine;  Un.sUndentie; 


10 


14 


16 


16 


17 


19 


1«,  1 
« 
8 

4 


8    B 
A 

S    A 


I  4    B 

q  B 
c 

7|  C 


Undersixe  of  tr. . . 
Hutches  No.  1  Jig. 


UnderBlie  No.  1  tr, 


Hutches  No.  1  Jig.. 


Hutch  of  No.  8  Jig. 
From  No.  1  tr 


HaterialofFeed. 


From  80.  and  p.  t. 


OTersixeNo.  1  tr.. 

Orersize  No.  2  tr. . , 
OTersize  No.  8  tr. . 

1st  sp.  No.  1  hy.  cl 


9d8p.of  same 

From  tronunel. . . . 


From  No.  8  tr.. 


FromNo.  4tr....'j 

1st  sp.  No.  1  hy.  cl. 
Istsp.  No.  2hy.  cl. 
9d  spigot  of  same. . 

Overflow  of  same. . 

OTersixeNo.  2tr... 
Oversixe  No.  8  tr. . . 
Orersixe  No.  4  tr. . . 

(A) 
8d  sp.  No.  1  hv.  cl . 
Owr8i*eNo.2tr. 
Oversize  No.  8  tr. 
Oversize  No.  4  tr. 


Size  of  Feed. 


Mm. 


12.7  too 


8.18  too 

12  mesh  to  0 

10.1  to  12.7 
12.7  to  6.85 

6.85  too 

22.2  to  0.5 
0.5  to  0 

Over  12.4 

12.4  to  4.7 

4.7  to  2.8 

2.3  too 

2.8  too 
20  to  10 

10  to  5  on  Ist 
two  sieves, 

5  to  2  on  last 
two  sieves. 

2to0 
10to7 

7to6 


6to2^or 

2to0 
2to0 
2toO 

2to0 

4  to  6  mesh. 

6  to  8  mesh. 
8  to  10  mesh. 
10  mesh  to  0 
10 mesh  too 
8to5mesh. 
5  to  8  mesh. 
8  to  10  mesh 
lU  meHh  to  0 


Net 

Diameter 

of  Screen 

Hole. 


Mm. 


8.18 


16  mesh. 
81.75 
10.06 

6.35 

21.50 

0.58 


2.59 
1.30 

0.89 

25  mesh. 
4.76 

1.80 

0.89 
1.80 
1.80 

1.80 


1.80 


1.80 

1.04 
0.88 
0.89 


4.94 

8.00 
1.96 
1.65 
1.22 


RaUoof 
Diameter  of 
Screen  Hole 
to  Diameter 

of  Feed. 


Hakes  own  bed. 


0.26  to  inf. 


1.7  to  2.5 
1.5  to  8.0 

1.0  to  inf.] 

l.OtoS.S 

1.0  to  inf.] 

—  to  0.29 

0.21  to  0.55 
0.28  to  0.57 

0.89  to  inf. 


0.24  to  0.48 

j  0.18to0.86 ) 
\  0.8Qito0.90  f 

0.45  to  inf.) 
0.66  to  "  > 
0.66  to  *'  > 


0.18  to  0.26 


0.96  to  0.86 


(0.26  to  0.87 
10.87  to  0.66 

0.62  to  inf. 


Material  of  Bottom 
Bed. 


Hand-picked  ore . . . 

Hutch  Ko.  2  Jig,  U.7 

to  6.85  mm. 

60.8-mm.  stuff 

Hutch  No.  1  Jig,  98.8 

to  9.5  mm. 


Makes  own  bed.  I 


1st  discharge  No.  4  Jig 
Makes  own  bed... 


TUck- 

nesBoT 

Bed. 


Batioof 
Diameter 
of  Bed 
XaterW 
to  Diame- 
ter of 
FMd. 
(»> 


8.0 
8J 
8J 


(a)  Class  A  makes  coarse  concentrates  and  tailinss:  Class  B  makes  coarse  concentrates,  hutdks  and  tail 
(c)  Vrry  similar  to  those  of  Mill  10.  («)  Tht*  st«ond  sieve  of  tliis  Jig  has  a  double  disdmrge  of  vhidi  (te 
lower  discharges  respectively  of  tlie  double  discbarge  on  the  second  sieve.  (9)  These  are  tfuated  separsteifi 
iiraalic  classifler.    (0  First,  second  and  third  spigots  of  No.  1  hyilraulic  clasaifler. 
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TABLE  283. — ^PtTBPOSB  AND  ADJUSTICSNTS  OF  JIQS. — Continusd. 

Hon.— In  lome  caiieB  seveFal  TaluM  will  be  f ouod  for  one  Jig.    Then  aro  the  diffennt 

Abbrertetiona.— AatsAutoaiatlo;  Aut  diik=Autoraatie  ditehMve;  b.  id.=boK  dMrifler:  B*lov»nawwi 

dii.BdlM3liarge;  dist=diBtribtttor;  Or.sQraded  from:  H.=s Hutches  of;  iLshnteh;  H.  m.  or  Hunt.  iii.»fiiBt- 

Kieve;  L.BLead;  lbs.=poundB;  m.siniU:  iiUL=smacmiie;  Mucsslbzimum;  NcKNomber;  Or.aOventeef; 

8t,8stemp;  ■t.et.ssteam  stamp;  T.ssTaiUngs  of;  tr.strommel;  1Y.mA.=TVmikiii|fiiisohtaie;  Un-wUntoslie, 


KsterislofF^ed. 


BiseoCFeed. 


Net 

Diameter 

of  Soreeii 

Hole. 


Ratio  of 
Diameter  of 
Screen  Hole 
to  Diameter 

of  Feed. 


Xatsrlal  of  Bottom 


Thick- 


Ratio  of 

Diainet« 
ofRsd 


terof 
F^ed. 

(ft) 


4th  ftBthsp.  same. 
0th  ft  7th  sp.  same. 

OrersiseNo.  8tr.. 


OrersiaeNo.  4tr.. 


Oversise  No.  5  tr. . 

Spigot  No.  1  hy.  cl. 
Underslze  No.  0  tr. 


•    0 


OTersiaeNo2tr.. 


OrersiseNo.  8 tr... 

let  sp.  No.  1  hy.  cl. 
8d  spigot  of  same.. 
1st  sp.  No.  a  hy  cL. 

Orersize  No.  1  tr.. 

Ov.  No.  8  tr.... 
H.NO.  IJig 

Orerslze  No.8tr.. 


Ist  sp.  No.  1  hy.  cL 


Sds^gotof  same.. 

j  Undersiae  second 
1     halfNcltr.. 

OrersiseNo.  8  tr.. 

Orersise  No.  8  tr. 
Undersize  No.  8  tr 

ilstandSd  spigots 
No.  1  hydraulic 


8dsp.  of  same.  < 

Un.No.lBtr... 
From  No.  Str... 


1st  sp.  No.  1  hy.  d. 

(f) 

Istsp.  No.  lb.cL 

goes  to  8  Jigs;  8d 

sp.  to  8  other  Jigs 


10  mesh  toO 
10  mesh  toO 

6.4  to  8.7 
8.7  to  8.7 

8.7  to  1.5 

1.6  too 
1.6  too 

4.00  to  8.48 

8.48  to  1.88 

1.88  too 
1.88  too 
0.64  too 
0.64  to  0 

Over  18 

18to6 
9.80  too 

Oto8 
8to0 


Mm. 


StoO 


f' 


7to6 

5to8 
8to0 

UtoO 

StoO 

10to7 

7to6 

6to8 

StoO 
StoO 

UtoO 


0.40 
6.40 
8.60 
6.41 
5.41 
6.40 
8.66 
8.74 
8.74 
1.68 
1.68 

4.70 


8.84 


0.80 


6. 
8 
8 
8 

1 
1 
1 
1 
1 
1 

10 

10 

10 
10 

10 
10 


1.47 
1.47 

1.47 

8.68 
1.17 
1.47 

1.17 
1.17 
0.81 


Iwdns. 


I    0.81     1 


,7 
,7 
8.8 

8.0 
8.0 
8.4 
8.4 
1.8 
1.8 
inf. 


Itol. 
Itol. 
1.8  to 
1.6  to 
1.6  to 
1.7to 
1.4to 
1.0  to 
1.0  to 
l.Oto 
1.0  to 


1.0  to  1.4 

1.1  to  8.1 
1.4tofaif. 
1.4  to  inf. 


Leaddiot,llJlinm. 


f     H 


I  Worn  shot  ci  jigs 
1  and  8  with  A 
mm.  shot  added. 


1.0 

S.0 

1.7 

S.1 
8.1 


Makes  own  bed. 


\  Hut<di  No.  1  Jig,  I 
1     4.00toS.48mm.| 

J  Hutch  Na  8  Jig,  I 
1     8.48  to  1.18  r^' 


J  Hutch  No.  S 


1     1.2 


iM 


U) 

IM.   1 


IJ 

8.0 


1.1 


-to  0.78 

0.48  to  0.84 
0.81  to  inf. 
0.46  to  0.98 
0.36  to  0.78 
0.60  to  inf. 
0.68  to  " 
0.68  to   ** 


Makes  own  bed.. 


Hotdi  No.  8  ilg,  I 


8.771 


j  Dischaige  of  Na  ) 
1  SJig,6toSmm.  t 


1.7 


0.16  to  0.81 

0.81  to  0.80 

0.80  to  0.49 
1.8  to  taif. 
0.80  to  " 


MkJntowBbed. 


Istslefehasbedpat 
on;  8d  makes  own. 

Jlskos  own  bed.  •  •  • . . 

1st  s.  has  1st  h.  No.  4 
1iflr.8mm.to0;MA 
Sd  have8d  h.  No.  4 
Jig,  U7  mm.  to  a 


1-S 

hi 


(a)  Class  A  makes  coarse  concentrates  and  tailings;  ClasH  B  makes  coarse  oonoentrates,  hutdifls  and  taS- 
U) finches  and  less,  (k) Skimmed  when  the  bottom  bed  becomes IM inches deept.  (D HuatliMtMi  8^11  bf 
charges  but  they  are  not  used,  (p)  U  inch  on  the  two  smaU  Jigs,  lA  indies  on  the  fim  Mc.  CellUiisaFH' 
sefs  of  llgiires  are  for  the  two  ooarse  J^  and  the  two  fine  Jigs  respectively. 


656 


ORE  DEB88INQ. 


§425 


TABLE  283.— PURPOSE  AND  ADJUSTMENTS  OF  JIGS. — ConUlMied. 
Non.^In  some  cases  several  values  will  be  found  for  one  jig.    These  are  for  tbe  dUtereDt  riemeC  the 
Abbreviations.— AutsAutomatio;  Aut.  di8.s Automatic  disoluuve;  b.  d-sbox  dassUer:  B*loi 
L»dlaeiiarge;  dlst.=distrlbutor;  Cir.ssQraded  from;  H.=fiutclieaoC;  lL=hnich;  H.  m.  or  Hunt  i 


Kl0ve;  L.sLead;  lbs. = pounds;  m.=miU:  ma.=machine;  Maz.slfazimum:  No.=:Nnmber;  Ov.aOversl»of; 
■tsstamp;  st  st.=steam  stamp;  T.^Tailings  of;  tr.=trommel;  Tr.  ma.sTmnklng  machine;  Un.g:UiiiliiilBU. 


i 

1 

s 

J 

Material  Of  Feed. 

BiMoCFsed. 

Net 
Diameter 
of  Screen 

Hole. 

Ratio  of 
Diameter  of 
Screen  Hole 
to  Diameter 

of  Feed. 

Material  of  Bottom 
Bed. 

Tlilok. 

MalorW 

loDiHDS- 

tereC 
Fted. 

81 

1 

a 

8 

1 
a 

8 

i 
6 

6 

1 
1 
8 

4 

6 

6 

7 
8 
1 

10 
11 

1 
8 

8 

4 

6 

6 

7 
8 

9 

10 
11 
12 
1 
2 
8 
4 
5 

1 
8 

8 

4 
5 

B 

% 

0 

0 

A 
A 
A 
A 

A 

A 

A 
A 
B 
0 
C 
A 
A 

A 

A 

A 

A 

A 
A 

C 

0 
0 
0 
B 
B 
A 
B 
C 

A 
A 
A 

A 
A 

Undersuse  No.  1  tr. 

From  diat  after  r. 

(«) 

Over8laeNo.8tr... 

Oversize  No.  4  tr... 
Oversize  No.  5  tr... 
Oversize  No.  6  tr. . . 
l8t.  sp.  No.  1  hy.  cl. 

FromNo.  1  tr. 

Oversize  No.  8tr... 
Over8i«eNo.4tr... 

Oversize  No.  6 tr... 
Oversize  Na  6  tr... 

Oversize  No.  8tr... 

(«) 
Unw.  9d  sp.  same. . 
Unw.  8d  sp.  same. . 
FromNo.  1  tr 

Oversize  No.  8  tr. . . 
Oversize  No.  4  tr... 
Oversize  No.  6  tr... 

Oversize  No.  6  tr... 

Oversize  No.  7  tr.. 
Oversize  No.  9  tr. . . 
IUnw.  1st  spigot 
1     No.  Ihy.cl.... 
Unw.  2d  sp.  same.. 
Unw.  8d  sp.  same.. 
Unw.  4th  sp.  same. 
Oversize  No.  8  tr... 
Oversize  No.  4  tr... 
Oversize  No.  6tr... 
Istsp.  No.  Ihy.cl. 
2d  spigot  of  same.. 

FromNo.ltr....  . 
••        

FromNaStr. 

«» 
«« 

Mm. 
6to0 

Mm. 
8.77x2.97 
^xSmesh. 
7Hz8meeh. 

5.09 

6.41 
8.58 
2.18 
2.18 

2.18 

5.08 
5.0B 
2.74 
8.74 

1.87 

1.67 

1.60 
0.89 
0.89 
0.69 
0.69 
4.75 
4.75 

4.75 

8.18 

8.18 

1.04 

0.89 
1.04 

8.18 

8.18 

1.04 

1.04 

4.70 

8.48 

1.68 

8.6 

2 

2.81 

8.81 

8.81 

•      1.07 

1.07 

0.89 
0.89 

0.5  to  inf. 

Makes  own  bed 

aaNo.lji^.etoSmm 

(About  88 lbs.  lead 
<  shot  on  each  sieve. 
(  11.2  mm.  diameter 

u 

(*) 

Makes  own  bed 

bMdiea. 

8 

a 

\ 

8to0 

6.7  to  8.6 

8.6to2.1 
8.1  to  1.6 
1.5  to  0.9 
0.91  too 

0.91  too 

88.1  to  25.4 
25.4  to  15.9 
15.9  to  12.7 

12.7  to  10.8 

10.8  to  8.8 

8.8  to  4.4 

4.4  to  2.8 
2.8  to  2.0 
2.0  too 
2.0  too 
2.0  to  0 
40  to  25 
26  to  15 

16  to  12 

12to8 

8to6 

6  to  8.6 

8.6  to  2 
8.5  to  8 

[2to0 

2to0 
2to0 
2to0 
6to4 
4to8 
8  to  8.6 

8.5  too 

2.6  too 

25  to  16 
16  to  10 
10to7 
7to6 
6to8 

i.0 

85 

l.Otol.6 

1.5  to  8.6 
1.7to2.4 
1.4  to  2.8 
2.8  to  inf. 

8.0 
8.1 

6.8 



4.7  &  8.4 
7.8*4.0 

87 

0.18  to  0.20 
0.20  to  0.88 
0.17  to  0.28 
0.22  to  0.27 

0.15  to  0.19 

0.19  to  0.86 

0.84  to  0.54 
0.32  to  0.45 
0.45  to  inf. 

** 

it 

M 

It 

tl 

«l 

»t 

»• 

C.c.No.8  J.  8.8-2.0  mm 
Makes  own  bed 

m 

88 

0.12  to  0.19 
0.19  to  0.80 

0.80  to  0.40 

0.27  to  0.40 

0.40  to  0.64 

0.21  to  0.80 

0.25  to  0.45 
0.80  to  0.58 

1.6  to  inf.  ] 

4t 

«t 

M 

U 

•< 

«« 

•• 

C.C.  No8.5ft  e^igs, 
8  to  8.6  nun. 
i« 

** 
C.c.No.7  Jig,  8.6-2  mm 
Makes  own  bed 

4 

79 

0.78  to  1.2 
O.Otol.l 
0.61  to  0.61 
1.0  to  inf. 

»» 

•t 

C.c.  No.  4  jig,  i.6  mm. 
Makes  own  bed 

80 

0.09  to  0.16 

0.16  to  0.28 

0.88  to  0.88 
0.11  to  0.15 
0.11  to  0.16 

0.18  to  0.18 
0.18  to  0.80 

M 

•• 

• 

# 

_ 

(a)  ClaHS  A  msk«s  coarsn  Goii(K;ntrat4«  and  tailings;  Clam  B  makes oosrse  concentratni.  hatclMa aad  Hi' 
(u)  Kvery  two  hours  when  the  bottom  bt^s  b**oonie  4  hicbes  thick  tliey  are  skimmed  to  8  indm.  («)lhLl 
Each  sieve  has  about  88j^ndi  ot  lead  sbot^T.l  mm.  hi  diameter  and  100  pounda  off  the  hutOh  of  No.  t  ftM 


watered  first  apigot  of  No.  ll^dnyuUfic^laMttMr.  MsT^TowsrikiMsattntolaai 
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TABLE  283. — PURPOSE  AND  ADJUSTMENTS  OF  JIGS. — Cofltmued. 

Non.— In  Bome  cases  several  values  will  be  found  for  one  jis.   Tlieae  are  for  the  dUTemit  ilcujiof  tts 

AbbreTiatiooB.—Aut.= Automatic;  Aut  di8.= Automatic  discfaarRo;  b.  cLsbox  HswHIar;  BlowaBdov; 

dis-sdiaoliarKe;  di8t.=dl9tributor;  Or.=Qradedfrom:  H.=Hutelies  of;  tLshutefa:  H.  m.orHiBiii.  m.aiHaBt- 

Kiere;  L.=Lead;  lbs.spound8;  m.smiU;  nia.=maclune;  Max.sBlaximnm;  Mo.sNiimber;  Ov.aOitiiilJuof; 

at.=stamp;  st  st^steam  stamp;  T.^Tailings  of;  tr.=trommeI;  Tr.  ma.sT^imklB|r  machine;  Un.aUnilmlKi. 


» 

1 

1 

MatortalofVBed. 

BteofFsed. 

Net 
Diameter 
of  Screen 

Hole. 

Ratio  of 
Diameter  of 
Screen  Hole 
to  Diameter 

of  Feed. 

Material  of  Bottom 
Bed. 

TUek- 

"Si?' 

gajbjrf 

oCBsi 

toDlasK- 
tar  of 
WmL 

so 

B 
B 

0 

A 

A 
A 

A 

A 

B 

B 

C 
B 
C 
C 

A 

A 

A 

A 

B 

B 
C 

B 

B 
0 

A 

A 
A 

B 

C 
A 

latqi.No.lby.oL 
8d  spigot  of  same.. 

Sdq».o(8ame 

FromNaltr 

FlramNaatr. 

u 

litqi.No.lh.cl.. 

8d  spigot  of  same.. 

Sd  spigot  of  same. . 
Istsp.  No.4b.  cl.. 
9d  spigot  of  same.. 
Sd  spigot  of  same.. 

¥Yom  No.  1  tr...... 

u 

FtomNaStr. 

l8tip.No.!hj.oL 

Sdspigotof  same- 
Sd^iigotofsame.. 

l8tq;>.No.Sb7.cL 

8d  spigot  of  same. 
Sd  spigot  of  same. 

From  No.  Itr. 

FromNo.8tr. 

liitq>.Nalhj.cL 
8d  spigot  o(  same. 

Mm. 
StoO 

StoO 

StoO 

Over  18 

18  to  16 
16to9 

9to6 

6U>4 

4U>0 

4  too 

4to0 
8.6  too 
8.6  too 
8.6  too 

OwlS 
IStoS 

8to6 

6to8 

StoO 

StoO 
StoO 

StoO 

StoO 
StoO 

18.7  to  7.9 

7.9  to  6.1 
6.1  to  8.8 

8.8  too 

8.8  too 

16  to  18 

Mm. 

1.07 
.     0.89 
(    0.89 

0.89 

0.89 

8.66 

8.69 
8.69 

8.69 

8.69 

8.00 

1.88 

1.28 
1.88 
1.23 
1.88 

1.98 
1.98 

1.98 

1.98 

1.98 

1.98 
1.66 

1.98 

1.40 
1.40 

Smesh. 

Smesh. 
Smash. 

18  mesh. 

14  mesh. 

6.81 

i 

O.SStotaif. 
0.80  to  " 
0.80  to  '' 

Makes  own  bed 

Inohee 

• 

u 

coarse  concen- 
trates of  No.  6  jig,  ' 
8  to  1.07  mm 

Makes  own  bed 

81 

-to  0.80 

0.14  to  0.17 
0.17  to  0.89 

0.89  to  0.48 

0.48  to  0.66 

0.78  to  inf. 

w 

•••••••••• 

Makes  own  bed 

•* 

'** 

M 

M 

0.49  to  inf. 

Makes  own  bed 

" 

88 

-to  0.16 
0.16  to  0.84 

0.84  to  0.88 
0.88  to  0.64 
0.64  to  Inf. 

Makes  own  bed 

M 

M 

M 

M 

M 

•••••••... 

0.96  to  inf. 

MakMowBbed 

M 

••••*••"* 

88 

MakMowBbed 

M 

•* 

M 

• 

7 

0.46  to  0.68 

MakeaowBbed 

1 

(a)  CUM  A  make*  cc«n»  ooooentntM  •»*  ^^Sii.Sfl?, 


L\aSM 


'"     "8~^^      iBllitiH^l 
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TABLE  283. — PURPOSE  AND  ADJUSTMENTS  OF  JIGS. — Continued. 

j\fi  taken  in  CNrder  from  ihe  lieiid  to  the  tail. 

Br.=Bryan;  br'k'r- breakers ;  c.  =  concentrates;  C.  c.=C<>ar8e  concentrates;  Cl.  =  CleaninK;  cl.=clas8ifler; 
ington  mill;  Huut.-Huut.ingt^m;  113^= hydraulic;  )iy.  cl.= hydraulic  claKsilier;  iiif.=iDliiiiiy;  j.=jig:;  K.=: 
pr.  <w  preciBdB=  preceding:  p.  t.=picking  table;  r.  =  rolls;  s.-sieve;  8c.=8creen;  8iii.=sinelter;  sp.=8pigot; 
unw.=unwaterer  or  unwatered;  Unw.  b.=Unwateringbox;  Z.=Zinc. 


I 

31 


m 


m  1 


C&arM 
Cocioentrat«8. 
Bow  Bemoved. 


!0>Aut.taiI  dis 
ih"' 
one..  *».„..-.. 


8 
ft 

10  If  000. 
11 


Aut.dl9ChAi:ge«  , 


hi)  No 


f(t>  Aut.  dls.*.. 
^  None..*.*., 


(e*) 


]  Automatic  tftU 
\     discharge. 


{Automatic 


De^ttoaiiou  of  Products. 


Coarse 

Goi]oeQtrat«9 
to 


(1)       (a') 

i2>  None......,H 

(3)  No.  4  roil».. 


Kono.. 


Hutch 

Products 

bo 


TailiugB 
to 


<%)  W) . 

m  No.  4  r.J  ^ 

(1)     (a^      ' 

tan,  /ij'^ 

,  fliNo.4r.. 

i^i  I    ^"  ^ 

(4)Ko,4  r.,. 
c  1 J  Hrn<^lter, 


Waste... 


n)Stn«lt«r. 

Same  aa  pre^d'ir  Same  as  pr. 

ffijsmelwr ji!{8m.... 

;»|lN0.S™H,...«HN«.2r. 
Somti  OS  preced'K  Satue  aspr. 

Sanieaapr 


!J||  Smelter,. 


j5JJNo  3  rolLj... 
ra>  Aut^  tail  dik  (IjSmelter 


None. 
None. 


(l>SmeUflr, , 

<9)No.S  rolls... 

J Jj  J  Smdter 


J5?  f  No.  »  jrollj. . , 
{^iBmelier.,..,, 

(3>i 


14H 


{(IjtNooe.,.*.., 
|*)Aut.die.... 
SameaapneiMd'j; 
None 


Some  oa  preced'g! 

0)1 
^a^^^Nooe 


(gjJ-Notic... 

HiAut.  dla..,.. 
Same  as  pnKsed'g 

None.. 


AaLdiactiarEa^ 


fl>  (/') 

(3>  Noncu 
.(*>  (/'I 

NOIM 


Aut.dtseliAriCH'^ 


Smelter  .....  1 
Lnooo.. [ 


Ce') 


BoUa. 


^NQ,SrDllE 


Smelter. 


{JJfuolto... 
Bouie  aa  pr. 


Same  aa  piiee^'K 
None 


,,,  ,^  None, 

rs>( 

14)  Rolls. 

iiame  aa  precvd'i; 

None. 

SJji  Smelter...... 

(S)  No.  S rolls.... 
8ain«  03  precedes 

[IJ  [  Smelter.. 


tS)  None. ...... 

(4)  No.  S  foils.. 
Noi: 


m  No.<roMs 


5(80..... 

)No.3r.. 


tl) 

m 

Same  aa  pr. 

Same  aa  pr. 
^No.2r... 


■Waat^... 


No.  S  rollfl. 


^  Waste. 


Amount  of 
plunder 
Tlirow. 


Inobea. 


J 

I 


1^ 


£80 

&^ 

ISO 

130 
1^ 

S&O 

ISO 


£80 

»30 
3S0 

176 

liBS 

SOO 

S60 

280 
900 

81S 
180 


18S 
IfiO 


Automatic 
Dischar^, 


HO 
EC 


In. 


1^ 


JiS 


?i 


In. 


i^ 


^ 


m 


£.!» 


0.7* 


3.G3 


4.S8 

3.» 


5.5S 


EC  fl  o 


s 


aeo 


0.«E 

0.« 


o.flg 
ass 


iaa;  Claaa  O  makes  hutcfaea  and  tai)fo>rs.    (fr)  These  are  the  ratkia  ot  Um  inaT\w\um  ^raSciA  oil  «^^^^^;f^^«^ 
mctloaUUr  w>comrm  ooaoeotntm;  it  is  pn>bab1y  akimmed  ucoaBtonaAv*  C4*>  ^«Jto^'fc.\VV.t?>VT^'«««l  ^«»»^ 
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TABLE  283. — ^PUBPOSE  AND  ADJUSTMENTS  OF  Jios. — Continued. 

NoTB.— In  some  cases  seTeral  values  will  be  found  for  one  Jig.    These  are  for  the  differaiitilsMi  of  ths 

AbbreTiations.—Aut.= Automatic;  Aut.  di8.= Automatic  discbarRe;  b.  d-sbox  daariflpn  BlowsBdow; 

dis.sdischaiig;e;  diBt.= distributor;  Or. = Graded  from;  H.sHutchesof;  h.=hatcfa;  H.  m.  or  Hunt.  in.aBHal- 

Kieire;  UsLead;  lbs.=pound8;  m.=mill;  ma.=smachine;  lIax.=Xazimum;  No.sIlumber;  Ov.aOvenincf; 

BLasuunp;  St.  stssteam  stamp;  T.^Tailinics  of;  tr.= trommel;  Tr.  ma.ssTnmkiiig  machine;  Un.»UiMknlM; 


KatorialofFeed. 


Site  of  Feed. 


Net 
Diameter 
of  Screen 

Hole. 


EaUoof 
Diameter  of 
Screen  Hole 
to  Diameter 

of  Feed. 


Material  of  Bottom 
Bed. 


niiek- 
"Sed. 


Ratio  of 

MameMr 

oCBed 


ter«C 

Ftaed. 

(ft) 


7   B 


0|  B 

B 
B 


From  No.  2  tr.. 
Fkt>mNo.  8tr.. 


From  No.  4  tr,. 


1st  sp.  No.  1  by.  d. 

SdftSdsp.  ofsame. 
4th  A  6tn  sp.  same. 

OTorsiseNo.  1  tr... 

Orersise  No.  2  tr. . . 
Orersixe  No.  8  tr. . . 

Oversise  No.  4  tr. . . 

1st  sp.  No.  1  by.  cl 

2d  spigot  of  same. . 
8d  spigot  of  same. . 
4th  spigot  of  same. 

1st  sp.  No.  2  hy.  cl. 


2dsp.  of  same — 
8d  spigot  of  same. 

OTorsiaeNo.  2tr.. 
OversiseNo.  8tr... 


OTerBiaeNo.4tr.. 


1st  sp.  No.  1  by.  cl. 


•t  of  same. . 
No.  3  tr. 
Ov.  No.  8  tr.  and 
butch  No.  1  jig. 

Oversise  No.  4  tr. 


OversiseNo.  5  tr.. 
1st  sp.  No.  1  hy.  d 
2d  spigot  of  same. 
8d  spigot  of  same. 
4th  spigot  of  same. 


Mm. 
18  to  11 

11  to  9 

0to7 

7to5 
6to8 

8to0 

8to0 
8to0 

Over  16 

16to0 
9to6 

5to8 

8to0 

8to0 
8to0 
8to0 

2.6  too 

2.6to0 
2.5  too 

12.7  to  7.9 
7.9  to  6.1 


5.1  to  8.8 


8.8  to  0 

8.8  to  0 
88.1to28.2 
22.2  to  9.5 
and  7.94  to  0 

9.5  to  6 
5  to  2.5 
8.5  to  0 
2.5  to  0 
2.5  to  0 
2.5  too 


Mm. 
6.81 

4.88 

8.61 

8.00 

8.00 

1.98 
1.98 
1.65 
1.65 
1.40 
1.04 


8 
2.18 

1.52 

2.18 

1.62 
1.52 
1.58 

1.52 

1.80 
1.80 


12  mesh. 


12  mesh. 


12 

16  mesh. 
7.91 

\    ''^    \ 
4.24 

2.59 

j     2.50 
1     1.98 

1.98 


\    o.'oi    ( 


0.52  to  0.68 
0.44  to  0.54 
0.40  to  0.82 

0.48  to  0.60 

0.60  to  1.0 

0.64  to  inf. 
0.64  to  " 
0.66  to  '* 
0.55  to  " 


Makes  own  bed. 


-to  0.25 


0.19  to  0.88 
0.24  to  0.48 


0.80  to  0.51 


0.71  to  Inf. 


From  next  coarser  so. 
Makes  own  bed 


0.61  to  inf. 


0  to  5  mm.  stuff. 


Bfakes  own  bed. 


0.21  to  0.80 
0.86to0.81 
&  1.0  to  inf. 

0.45  to  0.85 

0.51  to  1.04 

I.Oto  inf.  t 
0.77  to  "    J 


Makes  own  bed. 


I  Coarse  c.  No.  4  jig, 
I    5  to  2.59  mm. 


S 

H 

1 


IM 
IH 


8.6 


.  .  S?)  P^¥  ^  makes  coarse  concentrates  and  taOings;  CAass  B  makes  coarse  ooDoentratea,  hutchss 
(^)  Probably  none.   (J^O  1^  mit  the  bottom  bedT^  ^^ 


awit* 
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TABLE  283. — PURPOSE  AND  ADJUSTMENTS  OF  JIGS. — Continued, 

jig  taken  in  order  from  the  head  to  the  tail. 

Br.sBnran;  Kr*k>=breakerH  c.= concentrates:  C.  c.= Coarse  conoentrates;  Cl.=CleaDioK;  cl.sclassifler; 
ington  mill;  Hunt. = Huntington;  hy.= hydraulic;  hy.  cl.=hydraulic  classifier;  inf. = infinity;  j.=iig;  K.=: 
pr.  or  preoed'g= preceding;  p.  t.=picking  table;  r.=roll8;  8.=8ieve;  sc.=screen;  sm.sssmelter;  sp.sspigot; 
unw.ssunwaterer  or  un watered;  Unw.  b.=Un watering  box;  Z.=Zinc. 


Coarw 

Bow  Removed. 


Destination  of  Produets. 


Ooane 

Couoentrmteti 

to 


Butch 

Products 
to 


Taillnga 


Amounlof 
Plunger 
Throw. 


U 

55 


Automatio 
Dlsdiaige. 


m 


ill 


Aut  dJscharfte.. 


Same  as  prewd'g 
}|j  [  Smelter 


^>  Rolls. 

Same  as  prec«]'g 

bv  Smelter... 


No.Sr... 
Rolls... 


Waste.. 


t*JRo] 


Ills.. 


Same  as  pr.. 


Ant.  diBcharge. 


\ 


!S 


*^*[  Smelter... 
(3)  No.  2  rolls.. . . 
Satue  as  jpreuod'g 


Kane. , 


lelter.... 

El.  a  rolls, 
as  preoed'g 
None ,.,..,... 


10 

11; 

iQ   1 


laiAut.  dft.... 
Same  as  pn?oed'g 

Aut  dltcbargus  [ 


(mNone..... 

g)Ko.S  rolls,.,, 
ime  OB  pr«^'g 


(1>  Smelter.... 
(»>No.i  rolls.... 


^j.  Aut^dis... 

(S>  If  one. ....... 

^ii>Aut  dis..... 


j^  Smelter. 

tHo.  Srolls. 
jJj^Smdter.... 
J5j[ko.8k>I1i. 


Attt  dlKhaig«s. 


in^None... 


Aut.dis 
Same  as  preced'g 


d}i 

(l)V8m.... 
(4iEoUs.... 

Same  as  pr. 


{!)  Smeller. 
§  [No. fir. 
Some  sfl  pr. 

Ill  Smelter, 
(gjNo.  3  r.. 
Same  as  pr, 


(3>No.Sr., 
Same  as  pr. 

{l)Sm«lmr. 
m  No.  «  r. . 


}■ 


Snmeaspr. 


jjj  [  Smelter, 

tBjNone.... 

(4»Ho.  3  rolls.... 

None... 

Smelter, 


No.flJlg... 
i  No.  3  Jig 
i     or  — 


<|)NW1«.. I 

<S)  Hunt.  mill. .  \ 

Same  as  preced'g^ 


No.  I  rolls.. 

J' No. » rolls 

i  Unw.  to 
\  No.8r.. 


\ 


'^^TA-  -\ 


m 

I 

K 
t 


IGO 
170 
170 

180 


«» 


ass 

SGO 
WO 

3(50 

leo 

170 

m 

14S 
H& 
IIA 

*00 

sso 


In. 


In. 


3H 
3 


low 
254 


0.70 
0.83 


17B 

m 

ISO 
ISO 
800 
900 
900 
900 


9 
9 


S.O0 

0.a7 

9.90 

o.aj 

a.«J 

o.ai 

4.07 

0.31 

6.38 

0.41 

10.18 

0.14 

117D 

0.14 

s 

m 
m 


90.n 


lugs;  Ctais  C  makes  hutches  and  tailings,    (b)  Thaso  are  the  ratios  of  the  maximum  grains  of  each  material 
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TABLE  283. — ^PUBPOSE  AND  ADJUSTKENTs  OF  JI08. — Continued. 

II0TB.—I11  some  cases  several  Tallies  will  be  fountl  for  one  Jig.    These  are  for  the  fUfferant  stow  o(  ths 

Abbreviations.— Aut= Automatic;  Aut.  di8.= Automatic  discharge:  b.  d-sbox  daariflen  E*lo«rsBslo«; 

dla.Bdischaiig;e;  dist^distributor;  Or. s Graded  from:  H.sIIutcliesuf;  h.=hntcfa;  H.  m.  or  Hunt.  aLsHm- 

Kieve;  UaLead:  lbs.=pound8;  m.=rmill:  ma.=machine;  Bfax-sXazimum;  No.=sIVuraber;  Ov.sOveninof; 

BLacstamp;  at  stsssteam  stamp;  T.sTailinKs  of;  tr.strommel;  Tr.  nuLsTninking  machine;  Uii.kX7b' 


KatorialoCFeed. 


Site  of  Feed. 


Net 
Diameter 
of  Screen 

Hole. 


Ratio  of 
Diameter  of 
Screen  Hole 
to  Diameter 

of  Feed. 


Material  of  Bottom 
Bed. 


nesaoC 
Bed. 


Ratio  of 

DiaiMttr 
oCBed 


ter«C 
Ftaed. 


A 
A 
A 

61  A 


9    B 


FlromNo.  2tr.. 
Fkt>mNo.  8tr.. 

From  No.  4  tr,. 


1st  sp.  No.  1  hy.  d. 

SdftSdsp.  ofsame. 
4th  ft  6tn  sp.  same. 

OversiseNo.  1  tr... 

Oversise  No.  2  tr. . . 
Oerslse  No.  8  tr. . . 

Oversize  No.  4  tr. . . 

Ist  sp.  No.  1  hy.  d. 

9d  spigot  of  same. . 
8d  spigot  of  same. . 
4th  spigot  of  same. 

Ist  sp.  No.  8  hy.  cl, 

9dsp.  of  same 

^  8d  spigot  of  same.. 

A   OversiseNo.  8  tr... 
OversiseNo.  8  tr... 


Oversise  No.  4  tr. . 


Ist  sp.  No.  1  hy.  d. 

8d  spigot  of  same. . 
Oversise  No.  2  tr. 
Ov.  No.  8  tr.  and 
hutch  No.  1  jig. 

OversiseNo.  4  tr.. 
Oversise  No.  5  tr.. 
Istsp.  No.  1  hy.  d. 
8d  spigot  of  same. 
8d  spigot  of 
4th  spigot  of 


Mm. 
18  to  11 

llto9 

0to7 

7to5 
6to8 

StoO 

8to0 
StoO 

Over  16 

16  too 

0to6 

5to8 

StoO 

StoO 
StoO 
StoO 

8.5  too 

2.5  too 
2.5  too 

18.7  to  7.0 
7.0  to  6.1 


5.1  to  8.8 


8.8  to  0 

8.8  to  0 
88.1  to  22.8 
28.8  to  9.5 
and  7.94  to  0 

9.5  to  5 
5  to  8.5 

2.6  too 
2.6  too 
2.6  too 
2.5  too 


Mm. 
6.81 

4.88 

8.61 

8.00 

8.00 

1.98 
1.98 
1.65 
1.65 
1.40 
1.04 


8 
2.18 


1.52 


2.18 

1.58 
1.52 
1.58 

1.68 

1.80 
1.80 

8  mesh. 


12  mesh. 


12  mesh. 


Imesh. 

{mesh. 
7.91 

7.94 
4.94 

2.59 

8.60 
1.98 

1.98 

1.47 
1.82 
1.47 
0.91 


{  1:S  \ 


0.52  to  0.62 
0.44  to  0.54 
0.40  to  0.88 

0.48  to  0.60 

0.60  to  1.0 

0.64  to  inf. 
0.64  to  " 
0.66  to  •* 
0.66  to  " 


Makes  own  bed. 


-to  0.25 


0.19  to  0.88 
0.24  to  0.48 


0.80  to  0.51 


0.71  to  inf. 


From  next  coarser  so. 
Makes  own  bed... 


0.61  to  inf. 


0  to  5  mm.  stuff. 


8.6 


Makes  own  bed. 


0.21  to  0.80 
0.86to0.81 
&  1.0  to  inf. 

0.45  to  0.85 

0.61  to  1.04 

1.0  to  inf.  ) 
0.77  to  "     J 


Makes  own  bed. 

t 


I  Coarse  c.  No.  4  jig, 
I    5  to  8.69  mm. 


i 


|0)Cto  A  makes ooam conc^trsfsa tAi\ 


none.   {jJ)  To  volt  tbie  Yx^ktom  \Md. 


\  OsaaB  makes  coarse  oouoentrates,  hutchsi  aid  til' 
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TABLE  283. — PURPOSE  AND  ADJUSTMENTS  OF  JIGS. — Continued. 

jig  taken  in  order  from  the  head  to  the  tail. 

Br.=Bryan;  Kr'kY= breakers  c.=ooucentrates:  C.  c.=CoarRe  concentrates;  Cl.=Cleanine;  d.^classifler; 
ington  mill;  Hunt.=Huntington;  hy.=bydraulic;  hy.  el.=hydraulic  classifier;  inf.=infinity;  j.=jig;  K.= 
pr.  or  preced'g= preceding;  p.  t.=picking  table;  r.=roll8;  8.=Rieve;  8c.=8creen;  8m.=smelt«r;  sp.=spigot; 
unw.sunwaterer  or  unwatered;  Unw.  b.=Un watering  box;  Z.=Zinc. 


OODcentnutei, 
Bow  lUitnoved. 


Aut  dischajxeH 


Aut  discharge,  ^ 


Kone...., 

([aiAut,  ills.... 

Seun«  ■«  pi>H:!ed*g 
Aut.dtochargeH 


Destination  of  Prodncte. 


QoATWt 

CoDCieutratas 
to 


Same  as  practNl'$c 
i^JJSmeltar.. 
|j  Rolls...... 

Same  m  preced'g 

(siV  Smelter-. 


Same  as  pr.« 


z\ 


IJ*  [smelter,.. 
Same  as  jppi?c«d'g 


a)Bmett#r....... 

f«)No.  S  rt^ls... 
^«me  aa  precetrj? 
None 


^Sm.... 
(4j  Rolls.,.. 

Same  as  pr. 


U)  Smelter, 
^me  as  pr. 


(B)Xo 


%■ 


^]{^  Aut,dia. 

{S>No&e 

(4»Aut.  dis..... 

Jone............ 

Aut.  dlscharg*^. 


jmHon«., 

p(?>Aiit.dlB.-*.. 

SiUiie  MM  preoed'g 


gUHone. 


(S)No.  iJ  rf>lla.... 
Bameasjfreeed'g 

il)  Smelter 

fMl  Nu,  %  roUs.  ^ 

UnSmelt«r... 
JJJ I  No.  3  rails. 
jg|  j^Smiilt^r.... 
g>|No.  SroUs, 

jjjt  Smelter... 

(a)Noee........ 

HI  No.  3  rolls. , 

None..*. .., 

Smelter 


(I>Non« *.l 

(5S)Hunt,mm..f 

Sasne  as  preced*g 


Hutch 

Fraducta 
to 


Ktk.ar.. 


Waste.. 


Sm.... 

o,  2r... 
()rSm<:*lter. 
t2)  Ki».  SJ  r.. 
Same  as  pr. 


iUm.... 
)  No,  a  r.. 


m 
m 

Same  as  pr, 
I* 

(1)  Smelter. 
m  No.  «  r. . 

Same  as  pr, 


No.  S  jig. 
"  No.  3  Jig 
or  sm 

Smelter.. 


a)  Smelter. 
)flo3iCl.. 


Tallinga 
to 


( 


No.  1  rails.. 

No.SroUi 

Unw.  to 
Ko.8  r.. 


\ "  -\ 


Amount  of 
Plunger 
Throw, 


Inchee. 


2^ 


IBO 
170 
170 

180 


soo 


ass 

350 
»Q0 

100 

IfiQ 
170 

170 


I4fi 

lis 

146 
W5 


ITG 

m 

liO 
180 
SOD 

900 
SCO 
£00 


Automatic 
Dischaiigv. 


la 

r 


In. 


i 

m 


Id. 


8^] 


(&0 


m 


B«^ 

low 

e.a8 


S.00 

9.flfl 
4J7 

fi.as 

lO-W 
1170 


90.8S 


1 0,70 

O.T0 

o.e7 


0.37 
QM 
0.ifl 
0.«l 
0.91 
0,14 
0.11 


logs;  ClasB  C  makes  hutches  and  tAiHngs.    (A)TlieMai«theratioaQf  thibinsa\ii»xm^^«\\A<A«^^ 
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TABLE  283. — ^PURFOSB  AND  ADJUSTMBKTB  OF  JI08. — CmUfmei. 

NofB.— In  aome  cases  seTeial  ▼aluet  will  be  fomid  for  one  jig.   Tlwie  are  for  the  dillemn  iievee  of  tl» 

AMNPBTiations.— Aut.=AutomAtio;  Aut  diB.sAntoiDatie  diadiarge;  b.  cLabos  duailler:  BlovaiBelov; 

dli.sdleofawge;  distsdistributor;  Qr.=Qraded  from:  H.sHutebei  of ;  tLshiitch;  H.  m.  or  HoDk  BLsHnt- 

Klete;  L.sLead;  Ibaspounds;  in.sinUl:  nuLsmachise;  Maz.s]Uaciiiiiim;  NasMiimber;Or.BOvenlM«f; 

sLvstamp;  et  etssteam  stamp;  T.sTailings  of;  tr.s trommel;  Tr.  ma. sTtnnklng  machine;  Un-vl^denla; 


ill 


'i 


10 


B 

B 

A 
B 


ltatertsl<^Fe«d. 


m 

Ut  ap.  Ifo.  Sby.  d 
Sd  spigot  of  same-. 


From  No*  7  tr.-  * 
J  Or.  No.  8  tr.  and 
IhutcbtieKo.lBJlg 

litsp.  No.ibj.  cl 

idspljtotof  i»me. 

From  No.  1  tr 

From  No.  B  tr. . . . . . 

OTerBl*eNo.atn.. 

Ov^mlse  Ho.  4  tr. . , 


Ut  ip.  Kob  1  by.  ci 

Sd  spigot  of  same. . 

ittsp  No,iiir«ci 
fldsp.  Fo.  ah^.d,. 
Spigots  No.  Shj.ct 

Spigots  No.  4  h7»d> 

OversIsoNo.fltr.,. 
Ov«rBixeNo.Str... 

OrenlieKowltr... 

j1st,ad.8d«tH!4iii 

I     sp.  No.  1  bf.  cL 

tstsp.  Ho,  Sbj.d 

Sd  spigot  of  aame. 
OverslwKo.  Btr.. 
OTersizo  No.  I  tr.  - 
OvenI*eNo.4tr.* 
Istq>»NalbF'Ol. 


eiseofPMd. 


td) 
t.fttoO 

L5to0 

«2.Sto9.6 
9.£to5aiid 
fi.69to0 

StoO 

StoO 

M.O  to  ».l 
^.1  tolls 
16  to  8.6 

8.Dto4.& 
4.6  too 
4.5  toO 
4.SboO 

4.KtoO 

9.(10  0 

a.fitoo 

WtoT 
7to4.fi 

4.&toi 

[stoO 

8toD 

StoO 
1i.fttoft.B 
9.5  to  e.4 
fi.4toS.a 
S.BtoO 


Net 

DIs.m«tar 

of  Beroeo 

Bole. 


(d) 
1.99 


4 


9.Ba 
8 

8.08 
i.OT 

\m 

S.13 

a.18 
i.!sa 

\M 
1,53 
1.80 
l.«3 
l.Oi 
1.04 
1.0« 
0.01 
0.»l 
S.IS 
IM 
\M 
IM 

im 

1.90 

i.m 

roesk 

ft.09 

IM 
8.68 

s.or 

1.80 


1.80 


1.80 

4,70 
fl.85 

e.s5 

8.48 
3*48 

S«48 


B&tioof 
Diauj^eter  of 
Sor«L'EL  Hole 
to  Diameter 

of  Feed. 


l.atoinL  J 


o.setoo.6o 

0,£7toO.^ 
£0.4«tolof 


0.38toO.» 
O.Sl  to  (^.68 
0.ftlto0.4S 

o.sitoo.Go; 

0.35  to  0.47 
0.18  to  O.Sl! 

o.aotolnf.l 
0.47  to**  5 
0.B4  to  **     I 


0.81  to  IJ 

0.80torfl 

O.r 
0.1 

0.48  to  inf. 


Q.80tol.8  \ 


0*«ito 


OJOto0.80 
0.07  to  1.0 

0/ 
0. 
0.64  to  1.1 

MtotnL 


a.«7toi.ot 

D.8&toa.&4[ 


MMerlalof 
Bed. 


J  a  C  of  No.  8  Jig, 
(3) \  ^'^  ^^' 4  j.,  5  to 


SLGtom. 


Same  aa  pfeoeding. . . 
Makes  own  bed. . . 


Ooarsec.  No.  e  Jlc. 


JOoarM' 
\     4.6  to 


Haltee  o«m  bed. 


tWek- 
Bed. 


Eatlo^e 

iMiuiwtiir 

of  Bed 

Mat«Hi£ 

toDl«aie- 

terof 

Feed. 


Indiee^ 


^k^ 


8J 


IJ 


la)  Chun  A  makea  coame  oonoentaratm  and  taflinfi^;  Olass  B  makea 


thu  anted 


lio.S 
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TABLE  283. — PURPOSE  AND  ADJUSTMENTS  OF  JIGS. — Continued. 

Jig  taken  in  order  from  the  bead  to  the  tail. 

Br.sBryan;  br*k>= breakers;  c.= concentrates;  C.  c.=Coar8e  concentrates;  CI 
ington  miU;  Hunt. = Huntington;  hv.= hydraulic;  by.  cl.=hydrauhc  classifier; 
pr.  or  preced'gsprvceding;  p.  t.=plcking  table;  r.=rolls;  s.=:sieve;  8C.=8creen; 
tmw.simwaterer  or  unwatered;  Unw.  b.=Un watering  box;  Z.=Zinc. 


rrCloanin^;  cl.=:claRRiflpr; 
inf. = infinity;  j.=jig;  K.=. 
sm.=smelter;  sp.=8pigot; 


lum  ignisu^  ^1  «m3^  xcaxweafik. 
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TABLE  283. — PURPOSE  AND  ADJUSTMENTS  OF  JIGS. — Continued. 

NoTB.— In  some  cases  several  values  will  be  found  for  one  jig.    These  T6  for  the  dUTereot  sieves  of  the 


Abbreviations.— Aut.= Automatic;  Aut.  diK.= Automatic  discharge;  b.  cl.=boz  classiller;  B*low=B«ww, 
dl8.=dlscharge;  dist.^distributor;  Gr.=araded  from:  H.= Hutches  of;  h.=hutch;  H.  m.  or  Hunt.  m.=Hiuit- 
Kieve;  L.BLead;  lb8.=pound8:  m.=mill:  ma.=inachine;  Maz.=Maxlmum;  Ko.=Number;  Ov.sOversiae  of; 
■t=8tamp;  st  8t=steam  stamp;  T.=TaiiingB  of;  tr.=trommel;  Tr.  ma.=Thinking  machine;  Un.=UiKlenl»; 


1^ 


6    B 


Material  of  Feed. 


9d  spigot  of  same. 

3d  spigot  of  same. 
4th  spigot  of  same. 
5th  spigot  of  same . 

\  Ist  aud  2d  spigots 
)     ofNo.  Shy.  cl.. 

Sd  &  4th  sp.  same. 
)lst&ad  sp.  No.  4 
\     hv.  classifier. 

8d&4th8p.  same.. 

Ot.  Nob.  8  and  4  tr. 

1st  sp.  No.  1  hy.  cl. 

Sd  spigot  of  same. . 

3d  spigot  of  same. . 

4th  spigot  of  same. 

Tails  of  No.  9  Jigs.. 
Tails  of  No.  3  jigs.. 
Istsp.  No.  Shy.  cl. 

8d  spigot  of  same. . 

Ist  sp.  No.  8  hy.  cl. 

8d  spigot  of  same. 

1st  sp.  No.  4  hy.  cl. 
8d  spigot  of  same. . 

1st  sp.  No.  5  hy.  cl. 

2d  spigot  of  same. . 

Istsp.  No. 6hy.  cl. 

2d  spigot  of  same. . 
Oversize  No.  1  tr.. 
1st  sp.  No.  1  hy.  cl 

2d  spigot  of  same. . 
8d  spigot  of  same. 
4th  spigot  of  same. 

W) 
2dh.  No.4&5jig8. 

OversiseNo.  8tr... 


Size  of  Feed. 


Spigot  No.  8  hy.  cl. 


0    B 

44   1    B 
^9]  B  jlst8p.No.  Ihy.ol. 


Mm. 

8.8  too 

8.2  too 
8.2  too 
8.2  too 

[8.8  too 

8.8  too 

[3.2  too 

8.2  too 
18.7  to  6.4 

6.4  too     • 

6.4  too 

0.4  too 

6.4  too 

6.4  to  0 
6.4  too 
6.4  too      . 

6.4  too 

6.4  too 

6.4  too 

6.4toO 
6.4  too 

lOmeshtoOt 


Net 
Diameter 
of  Screen 

Hole. 


25.4  to  11.1 
11.1  too     ■! 

11.1  too 

ll.ltoO     I 

11.1  too 
I.OStoO    ] 
1.80  too 

8to8        -j 

2to0        4 

76.8  too 
4.70  too    I 


Mm. 

8.77 

1.08 
1.80 
1.22 

8.00 

8.C0 
2.80 

1.88 

4  mesh. 

4     " 

8     " 

8  " 
10  " 
10  " 
18  " 
18  " 
14     " 


12  mesh 
14  " 
12  " 
14  " 
12  '* 
14  " 
12  " 
14  " 
14  " 
14  »' 
10  " 
12  " 
18  ** 
14  " 
12  " 
14  *♦ 
12  " 
14     " 

4.20 

2.18 

1.08 

1.66 

1.66   ) 
1.80   f 

0.00 

1.65 
0.00 

0.00 

1.08 
1.08 
1.66 
1.08 
1.6S 
1.66 

18.7 

8.80 
1.78 


Ratio  of 
Diameter  of 
Screen  Hole 
to  Diameter 

of  Feed. 


0.04  to  inf. 


0.17  to  0.30 
0.10  to  inf. 
0.17  to 


'1 


'•'•} 


1.0  to  inf. 
0.60  to 

0.76  to  " 

0.64  to  0.06 
0.64  to  0.06 
0.55to0.»2 
0.06  to  inf. 
0.88  to  " 
0.82  to   " 

0.17  to  " 

0.48  to  "    I 
0.86  to  "    f 


Material  of  Bottom 
Bed. 


Make  own  bed. 


H.No.4j.8.48inm.to0 
Makes  own  bed... 


H.No.0j.,8mm.to0. 
Makes  own  bed. . . 


Makes  own  bed.. 


Bfakesownbed. 


i  Hutch  No  8  jig,  \ 
\     8.18  mm.  too     f 


-Bfakesownbed. 


(1)  Makes  own  bed. ) 
(8)(HutchNo.8Jig,  V 
13)18.18 mm.  too  ) 
Makes  own  bed. ...... 


Thick- 
ness of 
Bed. 


Inches. 


Batioof 


of  Bed 

Mstflrisl 

toDisB» 

terof 

F^ed. 

% 


14 

i.e 


1.01 


gethw 


ClaHS  A  makes  coar«e  concent»«LV«»  wv^\A\\^«ji\  G^^s^^ti^'^^a^  ^wo^trates,  hutches  asd  t«a- 
t>Dd  hutch  of  No.  »  J\g  ««Attiir^\i>5^c<r^«^.  W^^^^^  (n 

with  the  dtaohargS  ol  tb©  ftwfc  ii«^  15>  ^^  MaKXv«\  ^«»  ^Ssiiax^  A  ^ij^  ^mmbU  iImi^  ^^ 
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TABLE  283. — ^PUBPOSE  AND  ADJUSTMENTS  OP  JIGS.—  Continued. 

jig  taken  In  order  from  the  head  to  the  toil. 

Br.sBryon;  br'k*r= breakers;  c.= concentrates:  C.  c.=Coar8e  concentrates;  Cl.=CIeanine;  cl.  =c]a88ifler; 
Ington  mill;  Hunt. = Huntington;  hF.=hydraulic;  hy.  cl.=hydrauiic  classifier;  inf.=inflnfty;  J.=jiff;  K.=r 
pr.  or  preced*g= preceding;  p.  t.= picking  table:  r.=roll8;  8.=sieve;  8c.=8creen;  8m.=8melter;  sp.=8pigot; 
onw.sunwaterer  or  unwatered;  Unw.  b.=Unwatering  box;  Z.=Zinc. 


i 

1 

Cbane 
How  EemoTod. 

DeBtlnaUoo  of  rroducta 

Amount  of 
Plunger 
Throw. 

U 

Automatic 
Discharge, 

i 

Hi 

5^= 

^  1 

r,oarae 

Conoeotratot 

to 

Hutch 

product* 

to 

Tanins^ 
to 

ir 

4t 

ft 

f 
7 

% 

I 

1 

^ 

s 

4 

& 

« 

7 
0 

t 

10 
11 

11 

IS 

14 

U 
IS 
17 

^  ^    Kone 

(4)Aut.dla...., 

(8j  -None...,..,. 
f4)No.SrolI«..,.. 

(1)1 

mynm 

(SM 
Sftmeaapr. 

g>iL:;:: 

:ajNo.6r.. 
ESomenepr. 

^+ 

amelter;i!l 

Ii 
I* 

(1)  Smelter. 
(a)Ho,ahycl 

Saineaapr. 

f!)  Smelter. 

Waste... 

♦1 
II 
11    [ _  1  ] 

44 

14 
14 
14 

Ballet.»t!! 
J  No.  6  jig  t 
pbifunw,  1 
j  No.  7  jig 
i  by  unw.  f 

fWaate.,.. 

Ipcliei, 

m 
im 

130 

140 

160 

190 
110 

In. 

In. 

Autdiscbaiseff^ 

11 
Hone 

{lUsmelter...  . 

AWs  rolls,... 
Same  as  preoed'g 

None............. 

ii 

n 

Avttoddts.,... 

Ant.  side  dis..... 

HljNoii^ 

>UIJAut,sld«dti. 
None.*.......,,,. 

Smelter 

kL 

fllNone...,.,,.* 
(3) Smelter.....  f 

None, ....] 

41 

AuLsidedls..... 
Hone. * 

Rolls \ 

i    "        .. 

Nonii..... RATTiiiiUinr 

f         4. 

u 

-     „ „..] 

H)  Smelter. 
(a)N'o.4liyci 
Sameaapr. 

14 
14 

t    **       .,, 

14 

1 
ii 

41 

U 

11 

14 

li 

14 

l> 

•  1 

Smelter.,., 

a)  SmeltrJ 
(2)No.6hycl 
Same  as  pr. 

(1)  Kmeiter. 
Ja)No.4bycl 

Sameaapr. 

No=  1  roUfl.. 

SmeUer..,. 

Ol  Smelter. 
tajKo^fljlg 
(1)  Smelter. 
^a>  Ho.  7  jig. 
(1)  Smelter. 
CB)  Ho.  7  Jig. 
(t)SmelteF. 
(«>  Rolls.... 
il)  Smelter. 
(a)R^lla.,.. 

(S  No.  ft  Jig. 
Sameaapr, 

Smelter.... 
tlh|imelt»r 

41 

l« 

fi 

14 

•* 

"      i 

i^  "    \- 

** 

w 

•■■    1 

It 

f 

u 

"    ] 

41 

t  •* 

1« 

4i 

€8 

AoLdiacfawge..- 
Kome*  »*.«* 

Smelter. »/...,... 

Steam  st,.. 
Waste. 

Vaaner.. 
Waste.... 

** 

11 

4* 

st.Bt.  cn 

*,  No.  10  Jiff 

m 

s 

1^ 
1 

H 
H 
H 
I 

H 

m 

ito 

190 

Ito 

180 
160 

aoo 
an 

m 

1    130 

IM 
I 

1 

4>l 

m 

1.60 

(Ij  Smelter.....  1 
i?)No-  1  rolli.J 

(1)  Smelter. 

(t)Ko.  1  rolls..,. 

None.*,..**,,    \ 

1.00 

•* 

Aut  dtMharxe.  I 
\  (1)  i  Automatic 

iklmmlnf?... 

Aut  ilia,  im') 

**      .     . 

" \ 

" ] 

flORolliI 

(St  None. \ 

44 

H 
H 

...... 

1.36 
9.SS 

(»'»   ■: 

a 

i.a 

)0.76 

!SS' 


CtaM  C  makes  hatches  and  tailings.    (6)  These  are  the  ratios  oC  the 
InohidM  the  top  ■kimmti^fc    (&»';  Both  stores  ar«  also  sklminied 
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TABLE  283. — ^PUBPOSB  AKD  AOJU8TMSKTB  OP  JIG8. — (70flfNltiedL 

HoTB.— In  some  oaaeB  wreral  ▼aloes  will  be  found  tor  one  jig.   TImw  are  for  tbm  i 
AblKVTlattouk— AntsAutoniAtie;  Aut  dies  Automatic  dtefaaise;  1i.cLstboK  dHHwri  vwi 
idlHiiiuice;  di8t=diatrilNitor;  Or.sOradedfroni:  H.sHiitciwa  of;  iLshntdi;  H.m.orHaBk  i 


Kleve;  LTlJoaft:  lbs.spouDdi;  m'.smlll:  iiia.=iiiaoliliie;  MaacBMaKliiinm;  llo.ski 
p;  St.  ■i=8team  stamp;  T.=Tailiiigs  of;  tr.stroamiel;  1^.  nuLaTranklBfc 


1 


I 


SbtaitelorFlBed. 


SHaoCFeea. 


Net 
DiaiiMty 
of  Soreen 

Hole. 


BatSooC 
Diameter  of 
Soreen  Hole 
to  Diameter 

oCVeed. 


Material  or  Bottom 


oTBsi 


%£ 

c^ 


8    B 


9    B 


11    B 


18    B 


9d  spigot  of  same. 
8d  spigot  of  same. 
4th  spigot  of  same 

tdliatcliNo.9jig. 
lstAfldh.No.8jig. 
lstAfldh.No.4)ig. 

lstAfldh.No.6Jig. 

T.Nos.flft8jig8... 
Hatches  No.  10  jigs 

lstsp.N0.flh7.0l 
fld  spigot  of  same. 

8d  spigot  of  same. 

j  HutchesNoft.l9, ) 
1    ISandUjig&f 

Istsp.  No.lh7.  d. 
fld  spigot  of  same. . 
8d  spigot  of  same. . 
4th  spigot  of  same. 
5th  spigot  of  same. 
8th  spigot  of  same, 
i  1st  hut<^  Nos.  ) 


4.78  too 
4.78  too 
4.78  too 

1.78  too 

1.78  too 

1.66  too 

1.00  too 
4.78  too 


j  fld  hatch  Nos. ) 
1     landSjigs.    f 

j  1st  hutdi  Nos.  i 
1     8and4]ig8.     f 

jfld  hutch  Noe.» 
1     8aiid4Jig8.    f 

J  1st  hutch  Nos. ) 
1     6and6Jig8.    f 

J  fld  hutch  Nos. ) 
1    6and6Jigs.    f 

1st  sp.  No.  1  hy.  d 


9.64  too 


9.54  too 


1.17  too 

96.4  too 
4.78to0    ] 


1.78 
1.56 
1.66 
1.08 
1.08 
0.?1 
1.78 
1.66 
1.00 
1.66 
1.00 
1.00 
1.00 
0.81 
0.81 
1.00 
0.81 
0.81 


Makoaoinibed... 
la  e.  Na  9  J|g,l 
1    4.78lo9.98m£r 


1.66 
1.00 
1.00 
1.66 
1.09 
0.81 
1.00 
1.00 
0.81 


9.90 
1.78 
1.78 
1.80 

1.80 

1.80 
1.17 

1.17 

1.17 
1.00 
1.78 
1.80 
1.80 
1.80 
1.17 
1.17 
1.80 
1.17 
1.17 
1.17 
1.17 
1.08 
1.17 
1.00 
1.00 
1.00 
0.97 
0.07 
1.91 
8.85 
9.48 


1.0  to  Inf. 
0.90  to  *' 
0.88  to  " 
0.90  to  " 
0.88  to  "* 
0.88  to  " 
O.TDto  " 
0.68  to  *' 
0.68  to  '' 
1.0  to  " 
0.74  to  " 
0.74  to  " 


0.81  to  inf. 
0.48  to 
0.48  to 


f\ 


Copper  sand. 


0.48  to  taif. 
0.88  to  ** 


Makes  own  bed. 


0.  e.  Na  1  Jig, 
4.78to9J0mm. 


0.78 

0.S7 

0.67 

0.76 

0.88 

0.88 

1.0 

0.90 

0.00 

0.90 

0.90 

0.84 

1.0 

0.98 

0.98 

0.98 

0.88 

0.68 

0.08 

0.70 

0.62 


M 


tofaif. 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 


Makoaownbed. 


r  aeren  days,    {q')  Automatic  discharges  00  tlie  Urst  and 


(a)  C1A88  A  makes  coarse  ooocentrates  and  tailings;  Class  B  makes  coarse  concentiatea,  hutches  sad  isl- 
(iP)  Battery  residue  of  steam  stamps,    (n')  Both  sieves  skimmed  every  six  hours  and  toe  1 

ry  three  day         *'  ~      "'  "  '  "  '     "    '  "      ~ 

o  smelter  an(! 
hours.    (V) 


go  to  smelter  and  skimmiofn  to  Hcberii  mills.    (rO  By  skimming  every  twelve  boon.    (sO  Biy  iMrrr^*^  e«W7 

alz  hours,   iff)  By  skimming  every  six  hours.   (wO  By  automatic  oiwLargeB  on  the  Mnft  mndttdrt  ripa 

Cr)  By  skinuning  ocoaiicnally.   (sO  By  skimming  every  two  or  thrse  honra.   (cifO  QfihlamftV 
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TABLE  283. — ^PtJRFOSB  AND  UXTtTSnCKKTB  OF  JX08. — Oontmued, 

Hon.--lB  some  csMB  seircral  ▼aloes  wm  b«  foimd' for  ooe  Jig.   nwae  ara  for  the  dUBannt  rievw  of  thi 

AbbrevlatloDs.— Ant = Automatic;  Ant  dli.s Automatic  diadiarire;  b.  cLsboK  dBMUer:  B^loirsBBalov; 

dia.sdlMliarge;  distsdlBtribntor;  Or.sGraded  from:  H.gHutehea  of;  iLKhntah;  H.  m.  or  Hunt  m.sHaii^ 

Kletv;  L.sLead;  lbe.=poaiidB;  m.=mfll:  ma.scmacli]ne;  ]laz.sMazimiim;  llo.BNiimber;OT.=Ov«ni»«^ 

itsatamp;  at  Bt=Bteam  atamp;  T-ssTailiDgaoC;  tr.Btrommel;  Tr.  ma.  «sThinkiBg  maohfaw;  Uii.sUiid>ntai. 


Material  of  F^ed. 


Siiaof  Feed* 


Net 
Diameter 
of  Screen 

Hole. 


Ratio  of 
Diameter  of 
Screen  Hole 
to  Diameter 

of  Feed. 


aiaterialor. 
Bed. 


TbUk- 
"Sd. 


Mipigotofiame. 
8d  epigot  of  lame. 
4tliapigotof 


6 

T   B 


6    B 


8    C 


s  c 


m  1 


B 


t    B 


87 


I  let  hutdi  Noe. ) 
1    SandSJigiL    f 

jM  hutch  Noe.) 
1    fandSjigs.    f 

J  let  hutch  Noe. ) 
1     4and5Jlg8.     f 

Jfld  hutch  Noe.) 
1    4and6JigiL    f 

lttsp.Nalh7.cl. 

td  spigot  of  same.. 

Sd  spigot  of  same. 

4th  spigot  of  same. 

I  iBt  hutch  Nos.  t 
1     Iand2jig8.    f 

(Sd  hutch  Nos.) 
1    lands  jigs,    f 

( 1st  hutch  Nos.  t 
1    3and4jfg8.    f 

j9d  hutch  Nos.) 
1    8and4jlg8.    f 

OTersiaeNo.Str... 
OTersiaeNo.8tr... 
Spigot  Na  1  hy.  cL 

OrersiseNo.  Str.. 


OrenriaeNaStr.. 
Oreniie  No.  4  tr. . 
OrersiieNaStr... 

OrersiaeNaStr.. 

OrendseNaStr.. 

Orersiae  No.  4  tr.  t, 
let  sp.  Na  1  hy.  cl. 
Sd  spigot  of  same.. 

Spigot  NaShy.d. 

OrersiseNaStr... 


4.76  too 
4.78  too 
4.76  too 

8.86  too 
S.46toO 
1.66  too 

1.80  too 

4.76  too 
4.76  too 
4.76  too 
4.76  too 

S.SStoO 
1.78  too 
1.80  too 

1.17  to  <C 

4  to  8  mesh.'. 
8  to  IS  mesh. 
18 mesh  too.. 

0to6.6     -j 

6.6  to  8 

8tol.S6 

(VO 
l8or4to6) 


6to8 

StolSmesh. 
18  mesh  to  0 
IS  mesh  too 
iS4  or  80 
I  mesh  too 
8to6mesh. 


Mm 

S.46 
1.86 
1.66 
1.80 
1.86 
1.14 
1.01 
1.66 
1.80 
1.66 
1.80 
1.14 
1.80 
1.14 
1.14 
1.80 
1.14 
1.14 
8.80 
1.78 
1.78 
1.80 
1.80 
1.17 
1.17 
1.09 
1.78 
1.80 
1.80 
1.80 
1.80 
1.17 
1.17 
1.17 
1.08 
l.OB 
0.07 
0.87 


MakflBOWDhed 

la  a  Na  t  jig,l 
I    4.7eioa86mm.f 


0.87  to  inf. 

0.46  to  " 

0.80  to  " 

0.68  to  '* 

0.68  to  " 

0.46  to  •* 

0.84  to  " 

0.74  to  " 

0.74  to  " 

1.0  to  •* 

0.88  to  •» 

0.88  to  " 

0.48  to  *' 

0.86  to  " 


Hakes  own  bed.  < 


(C.  a  Na  6  Jig,) 
(    8J6  to  LOl  mm. ) 


Makes  own  bed., 


0.76 
0.67 
0.67 
0.75 
0.75 
0.68 
0.80 
0.90 
0.84 
0.98 
0.88 
0, 


to  inf. 

to  " 

to  " 

to  " 

to  " 

to  " 

to  " 

to  " 

to  •' 

to  ** 

to  *• 

to  " 


jCjC.  NaJJig,] 


.76  to  S.S8  mm.  j 
Makes  own  bed. 


JC.  c.  No.  6JlgJ 
I    S.S8  to  L78  mm.  j 


Makeaownbed. 


7.11 
6.06 
6.06 

4.84 


8.86 


1.70 


O.TOtol.l  j 
0.07to0.98 
0.67to0.9ej 

0.66  to  1.4 


l.ltoS.6 


-tol.8 


4 

6mesh. 

8    " 

10    *• 

18     " 

S4or80     { 


j  Hntoh  No.  1  Jig,  I 
}  8  or  4  to  6  mean.  1 

H.Na  8J.,6to8iiieah 


8  mesh. 


t8 


%A 


(flO  Class  A  makes  coarse  ooncentratea  and  tailings;  Chus  B  makes  coarse  oonoentratea, 
/^v  t»_  -1.J — 1 .__-,  ^ —    ^_«  w^^^» — . .  t^^^  hours.   («0  By  " 


too  E^skiDmiingeTery  three  days.   (rQ  Bjy  skfanmlng  every  tweli 
«||btbooiiL^Byaklmming«^  <r097 

QmwU^  itampi  tjw  unwalMtattMB. 


hntdwsaadtii' 
eveiT  ids  kMA 
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TABLE  S83.-— FtJRFOSB  AND  A1>JPSTMB»TB  OF  JKH. — OtmHnued. 
Hon.~IiiaomecMe8  fleircralvaliMB  wfll  iM  foond'forooe  jig.    nwae  ato  fldr  fbe  dtflBnot  rievw  of  thi 

Abbrt^vu4Lit>ns.  AiiL-Autoinalk;  Ant.  iii-,-  Ainjuuask  t3^w.ll(Lr^:^-;  L  fl.=br.3£  cbLKslnLi ;  Blo*-=Betow- 
dt;fi.=dlfieharKe;  dist.^^distributop;  Cif.  =  trnid(?d  frum:  H. sHutditscff;  hushuteli;  11.  m,  or  HitDt.  in.  =  Huii]t- 
Kipw*;  L  ^Lcad;  lbs  —  pouDd»;  m.^miH!;  mfl.^mnohine;  MflX-^Maiimum;  No,=l^iimb*'i-:  Ov.=(iTerm*eoff; 
St.  =BtHiD|»;  St.  Bt,^&t«aiii  stamp:  T.=Tallliiga  of  ^  tr.^ trommel;  Tr,  ma.^']>uiikiiigia»chiD«;  Un-^UndeTilai^ 


47 


0 

0 

B 
i|  B 
E 
0 
B 

B 

0 

C 

U 
B 

B 


)UteH«]  of  FMdL 


9d  spigot  of 
3d  ffpiffot  of 
itb  spigot  of  sune. 
J  Ut  hutch  Hoi.  t 

i  Sd  hutch  Nofl.  ( 
)     Sundailgi.    f 

j  1st  butch  Noa,  I 

J  id  hutch  Hofl.  I 

1st  ip.  No,  1  hy.  cl> 

fid  spigot  of  same. . 

id  spigot  of  Biim6,. 

4th  vplgot  of  same, 

J  Ist  hut^  Nos.  I 
1     latiditjigs.    t 

J  Bd  hutch  Ko&  I 
J  Ut  hutch  Noa.  I 

J  9d  hutch  Hoc  r 

OTerebeNo.tttr... 
OTerailzu  No.  8  tr, . . 
Spigot  Ho.  1  hy.  cL 

OTerstzeHaStr... 


QTemlzeNo.  SCr... 
OTeratz©No.4tr,** 
OTerstcoKo.  Gtr... 
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1.14 
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1.73 
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1.17 
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IM 
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e.o& 


8.« 


1.70 


S  ^* 
10  " 
IS  " 
JNoraO 
mesh. 


:^tio<»f 

I>lamet«^i'  of 

Scrfv*n  Holf* 

to  Biiuneler 

of  Feed. 


0.tS7 
QM 
0.80 
0.08 
QM 
0.40 
O.M 
0.74 
0,74 
1,0 
0.6S 
QM 
0.48 
0.86 


to  inf. 

to  '' 

to  " 

to  '* 

to  *' 

to  " 

to  " 

to  " 

to  '* 

to  *    I 

to  '^    > 

to  "    ( 

to  "    ■ 
to 


0.T8 
0.B7 
0,B7 
O.TB 
0.7B 

o.aa 

0,90 
0.9Q 
0.S4 
O.flO 
0.88 
0.68 


toluf. 

to  »' 

to  " 

to  ** 

to  " 

to  *^ 

to  "* 

to  *' 

to  *■ 

to  ** 

to  *' 

to  ** 


O.T^tol.t  1 
0.87toO,«V 
O.WtoO.flOi 


0.86  to  1.4 


lJto8.8 


-to  1.0 


BliiteiiAl  of  Bottom 
Bed. 


HaIiqs  owo  bod,  * . "  t « 
I  a  a  No.  i  Jlg»  t 
I    C7«to8Jamm.r 


U&kei  owii  bed. 


1    iJ&toL91iaot*r 


Uftkee  own  bod* 


fC.  c-  No.  1  jig,  I 

1    4,78  to  8.«9  mm.  f 

Mdkas  otro  bed.^.^.. 


!    aw  to  1.73] — 


U^hct  owa  bod*t«*«« 


MAkMOwnbod,. 


ICakM  own  hed 

j  Hutch  No.  1  Jif ,  I 

]  8  or  4  to  8  mmb.  f 

*» 

H.No.3J.,ito8 


Thick- 


luti^itf 

Di&meter 

of  B«d 

HAtPiiil 

toDisiDfr 

terof 

F««d 


IJ 

to 


(flOGjMiAiiuikMcoanecoiioentntMMidtalUDgB;  Chus  B  makes  ooarBeoonoQDtnitea,hiitdMSMdtt^ 
(flff  ririmmlBg^OTery  three  dayfc   (r^  Bjyakimining  evey  twelve  houry.   (v09jaUiiiiiiliurev«f7rishsMi 

OmvlfiyctaiiiiwiqfimiraiMngVs.  ^ 


070 


OES  DMMaamQ. 


84S5 


TABLB  283. — ^PUBPOSB  AND  AMUSTMSKTB  OF  JIG8. — Gmdutbd. 

Hon.— In  aonie  cMes  ■eyend  ▼ahics  will  be  loond  for  one  JIk-    Then  m  tlie  dtfianafe  ikifm  «f  tki 
AbteeTiatSooa.— Aiit.=Autoiiui«lo;  Ant  dkksAatooMitic  diHlMiBB;  b.  cLaboz  dnriOan  Vlovsi 
dii^adiioterge;  dirt-sdittributor;  Gr.asOnuled  erom:  H-aHntdm  of;  iLahnteh;  H.  m.  or  HniL  m-ai] 
Klevia;  L.3:Leiul;  lbs.=pouiid8;  m.=mill:  nuussmaddne;  ]lAz.s1Uacliimiii;  Na.sNiiiBlier;  Or.s'*       ' 
rtbsitemp;  Ht  8t=flteam  stamp;  T.slMUiigB  of;  tr.Btrommel;  Tr.iiia.aTtaiikiiigiiMicliliie;  Un.: 


of! 


«i 


lUtoriidoCFtoed. 


Siwof  F^B6d. 


Not 
Dtameter 
of  Serem 

Hole. 


Ratio  of 
Mametarof 
Scraon  BMa 
to  Diameter 

of  Feed. 


of 
Bed. 


t  O 


t   0 


8   O 
61  O 

B 

a|  B 
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Mm. 
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10 
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10 
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91  to  80 
mesh. 

30  to  60  meeh. 
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8 
8 
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14 
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14 
14 
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18 


to)  CSaas  A  makes  ooarae  oonceDtratee  and  tailings;  Class  B  makes  ooarae  oonoeotimtea.  hntchea  aadiifr 
(<')  Qravity  stamps  by  im  watering  box. 

JigB  treating  sized  products  from  screens:  Class  A^  76;  class  B,  12;  dass  Ci 
26;  dass  A  or  B^  1;  total,  115. 

Jigs  treating  first  spigot  product  from  dassifiers:  Class  A,  0;  dass  B,  33; 
dass  C,  21 ;  class  B  and  C,  1 ;  total,  55. 

Jigs  treating  later  spigot  products  from  classifiers:  Class  A,  0;  dass  B,  33; 
dass  C,  55;  total,  87. 

Jigs  treating  natural  or  unsized  products:  Class  A,  0;  dass  B^  7;  dass  C,  6; 
total,  12. 

Jigs  treating  hutch  products  of  preceding  jigs:  Class  A,  0;  daes  B^  17;  dm 
C,  8;  total,  25. 

Jigs  treating  tailings  from  preceding  jigs:  Glass  A,  0;  dass  B,  2;  dass  C,  1; 
total,  3. 

Jigs  treating  both  sized  products  from  screens  and  hutch  products  f imn  pre- 
ceding jigs:  Class  A,  0;  class  B,  3;  class  C,  0;  total  3. 

Cl^  A,  including  jigs  which  make  coarse  concentrates  and  tailings  with  iuir 
dental  hutch. — ^This  method  of  jigging  is  applicable  only  to  sized  products,  it 
being  used  in  this  country  on  about  two-thirds  of  all  the  jins  of  the  ^up.  *  Tb 
advantages  of  jigging  sized  products  by  this  method  are,  that  the  jig  maloeB  its 
own  bottom  bed  and,  therefore,  saves  the  wear  on  special  bottom  bra  mat^iil> 
as  well  as  the  trouble  and  expense  of  providing  it,  and  that  there  is  no  grain  is 
the  feed  which  is  the  same  size  as  the  sieve  hole  to  cause  blinding  of  the  siefe. 

There  is  one  jig  in  this  group  (No.  2  jig  of  Mill  16),  whidi  is  notevorUiy  tf 
making  no  coarse  concentrates  on  its  last  sieve.    This  is  probably  due  to  tiie  M 


^;  Clui  C  iDftkn  buichM  and  tAiiiaRfl.    (&)  These  are  tbo  imtloi  of  the  maximum  grains  of  each  ouiteHal. 

tliat  the  previous  sieves  remove  all  the  concenirates,  bo  that  the  last  one  has  noth- 
ing to  do  or  simply  acts  as  a  guard. 

Class  B,  including  jitfs  which  make  coarse  concenirates,  hutch  and  tailings. — 
This  method  of  jigging  is  need  on  more  jigs  than  class  A.  It  is  nsed  on  all  kinds 
>f  prodiictii,  but  it  is  especially  applied  to  the  first  spigot  products  from  classifiers 
ind  natural  products,  such  as  the  entire  undersize  of  a  trommel  in  the  Missouri 
ead  and  zinc  mills  (9,  lu,  16  and  25),  the  product  coming  to  an  intenncdiary 
\ig  (Jig  4,  Mill  23),  and  that  coming  to  the  cover  jigs  of  Lake  Superior  (No.  1 
iige  of  Mills  44  and  47), 

be  advantages  of  jigging  sized  or  unsized  products  by  this  system  are:  It 

es  its  own  bottom  bed,  with  a  relatively  coarse  sieve ;  there  is  a  freer  passage 

''the  water;  and  greater  capacity  is  obtainable,  since  the  concentrates  are  re- 

?d  from  both  discharge  and  hutch.     With  strong  suction  it  may  not  cause  a 

Dus  loss  of  fines.     It  may  do  away  with  more  or  less  preliminary  screening  and 

afier  work,  that  is,  do  away  with  the  necessity  of  close  sizing,  owing  to  the 

that  the  bottom  bed  is  more  open  for  the  action  of  suction* 

"be  disadvantage  is  that  there  is  a  large  percentage  of  particles  of  the  same 

is  the  boles  of  the  sieve,  and  these  tend  to  blind  the  sieve;  they  do  so  all  the 

t,  owing  to  Ihe  strong  suction  which  is  needed.     There  are  exceptions  to  this 

The  jigs  treating  the  firwt  spigot  prodncts  from  classifiers  in  Mills  44,  46, 

id    1*5  hnvi*  their  scrcetts  jirotected  by  fiat,  luavy  scales  of  copper,  which 

tbp  sieve,  and  also  by  the  gentle  suction  action  given  by  the  Collom  jig. 
be  MiM^uri  sine  jigs  (Mills  9  and  10)^  are  not  reported  as  giving  eerioos 
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trouble  in  this  respect.  This  may  be  due  to  the  coarseness  of  the  sieve  and  to  the 
fact  that  it  is  freed  by  blows  of  the  coarse  fragments  of  the  bottom  bed.  Some 
of  the  jigs  in  this  class  deserve  especial  attention;  for  example.  Mills  15,  jig  4, 
16-3,  30.(),  31-7,  32-5-6-8-9,  33-4,  35-9-10-11,  36^,  38-5-9^13-14,  39-9-10,  41-5, 
42-3  and  43-9,  all  omit  the  automatic  discharge  on  one  or  more  sieves,  the  reason 
being  that  there  are  not  enough  coarse  concentrates  formed  to  run  continuously 
from  all  the  sieves.  The  choice  of  the  discharges  to  be  plugged  varies  on  different 
jigs.  Of  the  above  22  jigs,  15  plug  the  earlier  discharges,  4  plug  the  later  ones, 
and  3  plug  the  middle  ones.  On  other  jigs,  for  example.  Mill  22,  jig  No.  4,  the 
difficulty  is  overcome  by  running  the  discharges  intermittently. 

Jigs  No.  9  and  No.  10  of  Mill  39  vary  from  all  the  others  of  this  class  in  that 
there  is  put  upon  them  a  thin  bottom  bed  in  addition  to  the  bottom  bed  which 
they  make  themselves,  making  a  total  thickness  of  bottom  bed  of  2^  to  3  inches. 
In  this  case  the  gate  of  the  automatic  discharge  has  to  be  high  enough  so  that 
the  coarse  concentrates  may  pass  out  over  the  bottom  bed  material  without  dis- 
turbing it.  Jigs  No.  7,  8,  10,  11,  12,  13  and  14  of  Mill  38  and  jig  No.  9  of  Mill 
43  also  have  a  bottom  bed  put  on. 

§  426.  Class  C,  including  jigs  which  make  only  hutch  and  tailings. — ^This 
method  is  used  upon  all  kinds  of  fine  products  and  more  jigs  are  run  this  wsj 
than  by  either  of  the  two  other  methods.  It  is  especially  applied  to  the  later 
spigot  products  from  classifiers,  which  are  necessarily  fine.  It  is  also  commonly 
used  for  jigging  coal  with  a  feldspar  bottom  bed. 

The  advantages  of  this  method  of  jigging  sized  or  unsized  products  are:  It 
increases  the  capacity  of  a  jig  over  Class  A  by  discharging  concentrates  all  over 
the  sieve  instead  of  in  one  place  only,  making  it  particularly  favorable  for  an  ore 
with  a  large  percentage  of  concentrates,  and  sometimes  even,  the  capacity  may  be 
over  Cla^s  B,  because  a  coarser  bottom  bed  and  sieve  can  be  used ;  it  requires  less 
attention  than  A  or  B.  it  being  easier  to  regulate  the  discharge  of  concentrates 
through  the  sieve  tluin  in  other  methods  of  discharging ;  no  size  of  grain  is  fed  to 
it  which  tends  to  blind  the  screen,  tlie  only  grains  of  that  character  being  those 
which  accidentally  crumble  off  the  bottom  bed;  close  sizing  is  not  so  necessary 
with  sized  feed ;  it  uses  a  coarser  screen  and,  therefore,  has  a  freer  passage  for 
the  water  and  a  freer  working  whole  bed. 

The  disadvantages  are  that  the  heavy,  coarse  bottom  bed  required  for  large 
sizes  consumes  more  power  to  raise  it,  and  the  bottom  bed  wears  out  more  or  less 
rapidly  and  must  be  replaced.  There  will  naturally  be  a  limit  beyond  which  it 
will  not  pay  to  take  advantage  of  this  method.  Examples  of  the  limits  in  the 
mills  are  as  follows:  Mill  13  has  a  maximum  grain  of  19.1  mm.;  Mill  14,  22.2 
mm. ;  Mill  20,  6.4  mm. ;  Mill  26,  5.7  mm. ;  Mill  86,  9.0  mm.  Kunhardt  gives 
the  maximum  at  Lauremberg  as  35  mm. 

In  this  class  will  be  found  many  jigs  which  would  appear  at  first  sight  to  belong 
in  Class  B,  that  is,  the  maximum  grain  fed  to  them  is  larger  than  the  size  of  the 
hole  in  the  sieve.     The  reason  that  no  coarse  concentrates  are  made  is  that,  for 
the  most  part,  these  jigs  treat  the  later  spigot  products  from  classifiers  in  which 
the  coarser  grains  are  all  gangue  and  the  finer  portions  contain  the  mineral,  and 
the  screens  used  need  be  only  coarse  enough  to  allow  the  latter  to  pass,  but  not 
necessarily  the  former.     Mill  43,  jigs  7  and  8,  Mill  47,  jig  8  and  Mill  48,  jig  7, 
are  not  spigot  jigs  and  cannot  be  explained  in  that  way.     The  inconsistency  in 
them  is  probably  due  to  the  fact  that  the  feed  is  finer,  or  the  screen  hole  is  larger 
than  given  in  Table  283,  but  as  to  which  is  in  error,  the  author  is  unable  to  say. 
Many  mills  have  products  which  seem  well  adapted  for  this  treatment,  but 
yet  it  is  not  used.    T\\\?.  \^  aceowxvted  for  in  some  mills  by  the  fact  that  no  snit- 
able  bottom  bed  matenaV  \^  «A,\vwidL  \-o  ^vi^^i  \ft  >Jqr:  \\%,  wLd  in  others  because 
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be  quantity  of  concentrates  is  not  large  enough  to  warrant  its  use.  In  the  lattor 
use  llif^  giingue  would  tt-nH  to  work  down  iiiio  the  concentrates^  to  prevent  which, 
bottom  bod  too  thick  to  be  economical  would  need  to  be  used. 
In  tills  connection,  the  experience  of  Mill  21  is  noteworthy.  Here  the  dis- 
ftarge  of  coarse  conccDtrates  was  tried  and  condemned  as  too  elow  for  an  ore 
rilh  eo  large  a  percentage  of  concentrates.  As  a  consequence,  ail  the  Jigs  form 
[>nccntrate&  in  the  hutch  only,  except  No.  1  jig,  which  has  to  make  its  own  bot- 
:>ni  bed,  there  being  no  other  material  suitable  to  put  on  it. 

g  427.  iSiZE  OF  Sieve  Hole. — ^This  affects  the  jigging  in  other  ways  than  by 
be  percentage  of  opening  already  discus&ed  (see  §417).  The  larger  the  hole, 
elatively  to  the  feed,  the  more  freely  will  the  fine  grains  reach  the  hutch  and  the 
b&s  will  the  whole  bed  be  clogged  by  their  presence. 

The  practice  in  this  matter  may  be  expressed  by  the  ratio  of  the  diameter  of 
jie  hole  in  the  sieve  to  the  diameter  of  the  grains  in  the  feed.     This  ratio  has 
k\m  computed  and  is  given  in  Table  283.     These  ratios  are  dirided  into  three 
roup^  corresponding  to  the  three  classes  of  jigs  just  considered. 
The  jigs  of  class  A  make  their  own  bottom  betls  and  the  ratio  h  less  than  1.0. 
The  range,  as  shown  in  the  table,  is  from  0.09  to  LO.     It  is  probably  best  to  use 
large  ratio,  as  the  coarse  sieve  will  last  longer  and  cost  less.     This  jig  will  be 
jn  with  little  suction.     Linkenbach  (see  Table  280),  recommends  for  this  class 
of  jigs  the  ratio  for  the  size  of  hole  to  the  minimum  size  of  feed,  1 :  2  for  the 
rains  above  5  mm.,  1  :  IJ  for  3-mm.  and  1:1^   for  2-n)m.  grains,  and  below  2 
en,  he  recommends  that  the  jig  treating  sized  products  be  put  into  Class  B. 
Jigs  of  Class  B  make  their  own  bottom  beds  and  the  ratios  for  the  diameter 
'  the  hole  to  the  maximum  grains  of  the  feed,  range  from  0.08  to  1.3  and  for  the 
mm  grains  from  0.93  to  1.4  on  sized  products   and    to   infinity   on    other 
nets.     For  consistency,  the  ratio  for  the  maximum  grain  must  be  below  LO 
id  that  for  the  minimum  above  LO,  and  the  inconsistencies  in  the  table  are  prob- 
ably due  to  inaccuracy  in  designating  screens.     It  would  seem  best  to  have  the 
atio  for  maximum  grains  nearly  equal  to  1.0,  as  this  secureB  large  interstices  and 
i  free  passage  as  possible,  in  which  the  suction  may  act.     This  jig  needs  a  thicker 
3ttom  bed  than  a  Class  A  jig,  because  it  will  be  run  with  strong  suction,  but 
inner  than  a  Class  C  jig,  because  its  interstices  are  so  small. 
The  jigs  of  Class  C  should  have  the  ratfo  greater  than  1.0  on  all  products 
iccpt  the  later  spigot  products  of  a  classifier  and  the  tailings  of  jigs,  in  order  to 
et  the  concentrates  through  the  sieve.     On  these  two,  however,  it  may  be  less 
than  1.0,  owing  to  the  fact  that  the  concentrates  are  all  in  the  finer  part  of  the 
feed.     No  ratios  are  given  on  the  later  spigot  products  from  the  classifiers,  as 
the  data  on  the  size  of  grains  is  too  uncertain.     On  other  products  the  ratios 
mge  for  the  maximum  grains  from  0.6  to  2.3  and  for  the  minimum  grains  from 
*6  up  to  3.1  for  sized  products  and  up  to  infinity  for  other  products.     Any  ineon- 
Mc-ncies  are  probably  due  to  irregularities  of  sieve  holes.     The  ratio  should 
E«vcr  be  large  enough  to  allow  the  bottom  bed  material  to  pass  through,  probably 
^ever  greati^r  than  3.5  (see  g  430), 

Jigs  of  Classes  B  and  C  in  many  mills  use  a  larger  hole  in  the  first  sieve  than 
in  the  Infer  ones,  because  the  first  sieve  is  called  upon  to  make  so  much  more 
;kntch  work  than  the  others  and*  therefore,  needs  to  work  freely.  Mills  22  and 
i(>  nse  this  principle  even  in  jigs  of  Class  A. 
§  428.  Material  of  Bottom  Bed.— The  remarks  in  general  under  this  head 
jplv  not  only  to  the  bottom  beds  which  are  put  upon  jigs,  but  to  the  bottom  beds 
illy  form  on  them.  The  bottom  bed  should  be  as  nearly  as  possible 
jiecific  gravity  as  that  of  the  concentrates',  in  i^eV^  ftv^  ^vi^s^fe  m\^^^^ 
buuiU  U  Mi^d  wheaefer  possible*    If  much  bea^iex,  *\t  xefipit^  ^^.^iftas^v*^  ^^rw^x^ 
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to  lift  it  and  in  that  case  causes  excessive  boiling  of  the  top  layer,  and  if  it  is  not 
lifted,  the  quicktfand  effect  of  the  liquid  bottom  bed  is  lost  and  it  simply  acts 
under  hindered  settling  conditions  in  many  small  tubes.  These  remarks  do  not 
apply  when  a  few  shot  are  mixed  with  the  ore.  If  the  bottom  bed  is  much  lighter 
it  lets  gangue  into  the  hutch. 

From  the  above  statement  of  principles  it  will  be  seen  that  it  is  suitable  to 
supply  the  earlier  sieves  of  a  jig  with  a  bottom  bed  of  the  purest  mineral  and  the 
later  sieves,  which  are  used  to  remove  the  last  and  most-difficult-to-catch  particles, 
with  one  of  middlings  composed  of  included  grains  of  gangue  and  concentrates. 
This  practice  is  quite  general. 

If  the  bottom  bed  is  of  low  specific  gravity,  for  example,  middlings  or  even 
blende,  it  refuses  to  remain  level  (see  Fig.  333) ;  it  forms  much  deeper  at  the 
tail  than  at  the  head  and  is  in  danger  of  working  off  over  the  tail.  This  diflBculty 
is  met  in  two  ways :  In  Mill  9  the  sieve  slopes  up  one  inch  in  its  length,  so  that 
the  sieve  becomes  approximately  parallel  to  the  surface  of  the  blende  bottom  bed. 
In  this  way  a  bottom  bed  of  even  thickness  is  obtained  and  it  may  be  made  of 
less  depth.  In  Mills  13  and  14  cross  partitions  are  used  to  prevent  the  crawling 
of  a  pyrite  bottom  bed.  In  the  former  there  are  two  on  each  sieve,  |  inch  high; 
in  the  latter  there  are  three  on  each  sieve,  \  inch  thick  and  1^  inches  high.  On 
the  fine  jigs,  Nos.  3,  4  and  5,  of  Mill  20,  two  cross  partitions  are  used  even  where 
the  specific  gra\4ty  is  high. 

The  bottom  bed  sliould  not  be  of  too  soft  mineral,  as  excessive  abrasion  will 
take  place,  causing  loss  and  requiring  frequent  renewal.  Fortunately,  most  of 
the  abraded  particles  of  a  heavy  mineral,  like  galena,  go  into  the  hutch,  which 
largely  overcomes  the  loss.  The  most  unfortunate  combination  would  be  where 
chalcopyrite  is  used,  as  this  mineral  is  both  soft  and  of  low  specific  gravity,  and 
its  fine  abraded  particles  would  be  largely  lost  in  the  tailings. 

As  an  exee})tion  to  the  statement  previously  made  in  regard  to  the  specific 
gravity  of  the  material  of  the  bottom  bed,  galena  has  been  replaced  by  iron  shot 
or  iron  punchings;  for  example,  iron  shot  has  been  successfully  employed  at 
Ammeberg  as  bottom  bed  material,  jigging  galena,  blende  and  limestone.  It 
should  be  noted  that  iron  punchings  or  shot  rust  into  a  solid  cake  in  an  idle  mill. 
They  should,  therefore,  be  removed  when  the  mill  is  stopped.  P}Tite  has  like- 
wise been  used  to  replace  chalcopyrite  or  blende,  on  account  of  its  hardne^. 
Davies  reports  the  use  of  shot  made  of  an  alloy  of  iron  and  aluminum  which  has 
the  advantage  that  any  desired  specific  gravity  may  be  obtained  by  mixing  the 
metals  in  suitable  proportion. 

As  show^n  in  Table  283,  lead  shot  in  a  thin  layer  has  been  used  successfully  in 
Mills  20,  20  and  2^^  either  alone  or  with  some  coarse  ore — in  the  first  case,  for 
jigging  pyrite;  in  the  last  two,  galena.  In  Mill  20  the  bottom  bed  of  the  No.  1 
jig  is  but  ^  inch  thick.  Mill  28  used  it  mixed  with  ore  on  fina  jigs  where  the 
whole  bed  hardened  up  badly,  probably  from  barite,  obtaining  thereby  a  much 
freer  and  more  lively  whole  bed,  and  when  very  soft  lead  ore  was  being  concen- 
trated, lead  shot  alone  gave  good  results.  Mill  26  found  it  gave  a  nice,  clean 
screen  and  prevented  blinding,  requiring  less  frequent  cleaning  of  the  sieves.  In 
South  Africa  lead  shot  are  used  as  bottom  beds  on  jigs  for  washing  diamondif- 
erous  earth. 

Certain  hard,  heavy  minerals  are  occasionally  available  to  be  used  as  bottom  bed 

material,  for  example,  magnetite.     Feldspar  is  much  used  for  jigging  coal  on 

account  of  its  weight,  which  is  the  same  as  that  of  the  slate,  and  of  the  fact  that 

it  breaks  into  elongated  and  flattish  fragments  which  are  considered  favorable  to 

jigging.     In  regard  to  Wv\s,  li^Lm^T^Ooi  VcA^-s^  l\v«t  when  the  grains  have  become 

rounded  by  wear  they  s\vo\Ad\5fe  Te^\^e^\ii  x^««  \^^'s^'«x. 

Amiitage^^  recomiueni^  t\iaiV  «^  ^^:^'v^  ^^^  ^clt^^xv  ^\^\fe  ^  ywJsnrss.  ^irv^^  ^^^sb^Nsss^ 
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bivlvji  in  it  be  put  in  the  troniiiiel  wliieli  feeds  a  jig,  to  furnish  sufficient  coarse 
EiaU'rinl  U*  kcH'p  np  the  bottnm  bed  anlumalically, 

g  r^l>.  TllK"KNK.s8  uF  TUB  BoTTusi  Bed. — Tljc  tliitkcr  tlie  bottom  Ijcd,  tbe  less 
freelj^  tlie  CK)ncentrateci  put^s  tluougb;  therefore,  the  cleaner  will  be  the  hutch 
rork.     With  a  thin  bottom  Led  tlie  apposite  is  ti'ue,  as  is  shown  by  the  No.  1  jig 
Mill  20  which  has  a  bntlum  bed  only  i  inch  thick  and  nuikes  a  smnll  amount 
bf  tailings.     If  the  bottom  bed  is  to<j  iliick*  a  portion  of  wltat  should  ^o  to  the 
Wteh  fails  to  do  so.  and  may  be  lost  in  the  tailings.     For  an  ore  with  a  large 
prcvntage  of  concentrates,  we  need  a  thin  b^^ttoni  brd ;  for  tlie  reverse,  a  thick 
Dttom  lx*d.     This  may  be  construed  as  an  argiiOK'nt  for  placing  a  thieker  bottom 
ed  on  a  later  sieve*  as  is  shown  in  jigs  3,  4^  13  aud  11  of  Mill  38,     An  argu- 
lient  may  be  given  for  the  exact  reverse,  namely,  in  order  to  guarantee  that  the  j 
lilings  are  completely  robbed  of  values,  it  may  be  better  to  let  a  little  quartz  go 
into  the  last  hutch  with  the  fine  concentrates.     If  so,  then  the  bottom  bed  on  the 
iH  sieve  will  be  made  thinner.     The  mill  man  will  have  to  decide  bctwrrn  these 
vo  arguments  which  to  follow.     If  he   is  tiding   to  keep   quartz   out   of  the 
oncent rates,  then  the  former  will  be  the  method;  if  to  extract  the  last  possible 
lin  of  value  from  the  tailings,  then  the  latter. 

Table  283  gives  the  tlJicknesi^es  of  bottom  beds  used  in  the  mills.  It  will  be  i 
en,  on  comparing  this  with  Table  271,  that  the  bottom  bed  is  g(^nerally  about 
ne^half  the  height  of  the  tail.  A  good  method  is  to  make  the  bottom  bed  of  this 
height  and  if  it  proves  too  thick  or  too  thin,  the  desired  change  may  be  made. 
On  a  jig  that  makes  its  own  bottom  bed  and  has  automatic  discharges,  this  is 
ione  by  running  the  automatic  discharge  a  little  more  freely  to  thin  the  bottom 
fd  and  less  freely  to  thicken  it.  On  jigs  which  have  bottom  beds  provided,  the 
laterial  may  be  added  or  removed,  as  desired. 
In  Milk  *j  and  10,  for  the  No.  1  jigs,  separating  blende  from  limestone,  the  near- 
?ss  of  the  specific  gravities  of  the  two  minerals  would  sei^m  to  suggest  a  thick 
»Uom  bed,  but,  on  the  other  hand,  tli^  jigH  are  called  upon  to  treat  a  large 
aount  of  ore  with  high  percentage  of  concentrates,  to  jig  all  sizes  together,  mak- 
ig  linished  coarse  concentrates  and  tailings  as  clean  as  possible  and  unfinished 
lit  eh  work.  To  accomplish  all  these,  the  bottom  bed  of  blende  is  kept  quite  thin, 
Kunhardt  found  that  in  European  praetiee  bottom  beds  varied  from  20  to  80 
tim.  thick  and  that  the  top  layers  were  from  30  to  100  mm.  thick, 
g  430,  Tjie  Size  of  Grains  of  the  Bottom  Bed. — This  affects  the  quality 
'  the  hutch  product  more  than  almt»st  any  other  factor.  If  coarse,  the  bottom 
bed  will  have  large  inter^tices  nnd  will  discharge  hutch  freely;  if  fine,  the  reverse 
rill  be  the  ease.  According  to  the  aulhor^s  ineastiremeiits,  the  particles  of  ore 
ill  freely  move  down  in  the  interstices  of  the  bottom  bed  when  the  diameter  of 
lie  grains  of  the  latter  is  3.5  or  more  times  that  of  the  former  (see  §  474),  We 
in,  iherefon^  regulate  the  freedom  of  discharge  as  readily  by  the  size  of  the  grains 
by  the  thickness  of  the  bottom  bed,  or  both.  These  adjus^tments  may  be  used  at 
same  time.  A  thinner,  finer  bottom  bed  may  havt^  the  same  rate  of  discharging 
itch  as  a  thieker,  coar^r  bottom  bed,  but  the  latter  will  have  a  thinner  top 
kyer  which  is  more  advantageous  when  jigging  very  fine  material. 

When  the  bottom  bed  is  extremely  coarse,  the  interstices  will  be  so  large  that  it 
lf»rs  i]Mt  move  during  pulsion,  and  the  interstices  act  like  so  many  tubes,  the 
ravity  of  the  grains  having  no  effect  upon  the  operation.     Under  these 
^i  Mi,M  the  jig  simply  acts  by  the  law  of  hindered  settling  and  gangue  is  pre- 
itcd  from  entering  the  hutch  only  by  the  application  of  sutficient  hydniulic 
Iter.     WTien,  however,  the  interstices  are  smaller  and  the  bottom  bed  rises,  be* 
bmini^  lii^tiirVd  (quicksand)  during  pulsion,  then  all  th^  ^^w^^i  \^  t^m^^'sl^ '^v:y«^v. 
ft,  av  '  k»tt"ni  bed  is  thick  enough,  or  the  sucl\otv  ncil  Xao  p«»X,  "Ktfi  ^jMx'^'e^ 
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Referring  to  Table  283,  we  see  that  in  the  mill  practice,  for  jigs  which  have 
bottom  beds  put  on  them,  the  ratio  of  the  bed  material  to  the  feed  ranges  from  1.06 
to  7.8,  with  an  average  of  2.9,  indicating  that  the  author's  figure  3.5  may  work 
a  little  too  freely  in  the  majority  of  cases.  Or,  in  other  words,  the  process  of 
natural  selection  has  settled  upon  a  figure  below  that  which  works  with  perfect 
freedom ;  in  fact  there  are  only  8  out  of  the  33  that  are  above  the  author's  ratio. 

In  all  this  discussion  the  author  uses  the  maximum  diameter  of  ore  and  of  bot- 
tom bed  material  in  calculating  his  ratios.  The  finer  grains  associated  with  the 
coarser  part  of  the  bottom  bed  givQ  smaller  interstices  than  if  the  finer  grains 
were  left  out ;  but,  on  the  other  hand,  the  finer  grains  of  the  feed  pass  through 
to  the  hutch  more  freely  than  the  maximum  grains.  These  two  errors,  therefore, 
in  a  measure  balance  each  other  and  prevent  the  resulting  error  from  being 
serious. 

Mills  13  and  39  recommend  that  the  bottom  bed  be  of  the  smallest  size  that 
will  not  go  through  the  sieve.  Kunliardt,  in  giving  European  practice,  states 
that  a  bottom  bed  of  3-nim.  stuff  will  prevent  gangue,  though  it  is  finer  than 
1  mm.,  from  passing  into  the  hutch.  On  jigs  which  bring  their  own  bottom  bed 
material  in  the  feed,  the  ratio  is  1.0  and  these  jigs  will  always  be  tight,  unless 
the  bottom  bod  is  rather  thin,  the  sieve  is  coarse,  the  pulsion  is  increased,  or  the 
hutch  water  is  increased. 

Removal  of  Coarse  Concentrates. — This  may  be  done  in  either  of  the  two 
following  ways : 

(1)  By  skimming. 

(2)  By  automatic  discharges  run  continuously  or  intermittently. 

§  431.  (1)  Skimming  the  Sieves. — To  do  this,  the  feed  sand,  the  feed  water 
and  hutch  water  are  all  shut  off  and  the  water  drawn  down  till  its  top  is  below 
the  level  of  the  sieves.  The  spigots  arc  then  plugged.  The  top  layer  of  gangue 
is  now  skimmed  off  and  laid  one  side  upon  citlier  a  fixed  or  movable  apron,  by  a 
hoe,  the  handle  of  which  is  cut  off  to  about  1  foot  long.  Instead  of  a  hoe,  a  bent 
piece  of  metal,  6  inches  by  8  inclies,  may  be  used,  and  for  the  bottom  bed,  wooden 
skimmers  are  recommended  by  Linkenbaeh,  to  prevent  injury  to  the  sieve.  If 
desired,  a  middling  product  is  then  skimmed  off  and  placed  by  itself.  Then  the 
concentrates  are  skimmed  off  and  the  sieve  is  cleaned,  if  necessary.  This  is  done 
by  scraping  it  with  the  edge  of  a  spatula  2  inches  wide  and  10  inches  long,  of 
galvanized  iron  with  rounded  end,  and  by  slapping  it  with  the  flat  side.  Then  a 
small  portion  of  the  concentrates  are  put  back  for  a  bottom  bed ;  the  top  sand  is 
replaced,  the  hydraulic  water  turned  on  and  the  feed  started,  the  spigot  plugs 
removed  and  jigging  thus  resumed.  Sometimes  a  rough  skimming  is  made 
quickly  without  stopping  the  jig.  For  example  on  a  2-sieve  jig  the  first  sieve 
of  which  had  automatic  discharge  and  the  second  did  not,  the  author  has  seen 
some  of  the  coarse  concentrates  quickly  skimmed  from  the  second  sieve,  when 
the  bottom  bed  became  too  thick,  and  transferred  back  to  the  first  sieve  to  be 
discharged. 

Even  when  no  coarse  concentrates  are  made  it  is  frequently  necessary  to  skim 
the  sieves  in  order  to  clean  them,  as  the  sieves,  especially  of  the  finer  sizes,  become 
blinded  periodically,  that  is  to  say,  grains  of  ore  become  wedged  into  the  me:?hes, 
preventing  the  passage  of  water  or  hutch  product  through  them.  In  jig  No.  1 
of  Mill  20  which  has  a  bottom  bed  of  large  shot,  the  sieves  are  cleaned  by  running 
a  copper  scraper  back  and  forth  while  the  jig  is  running,  the  shot  doing  the 
cleaning. 

As  shown  in  Table  283  skimming  is  not  used  nearly  so  much  in  American  mills 
as  automatic  discharges.  In  the  Freiberg  district  of  Germany  in  1892,  out  of 
32  jigs,  26  used  skimming,  while  6  had  automatic  discharges. 

Skimming  has  advantages  o^et  ^.wtomatic  discharge  where  there  is  a  small  pio- 
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>Tiion  of  concentrates,  a&  it  would  be  impossible  under  tJiesc  onditions  to  regu- 
Ite  a  condououg  discharge.     It  rnay  do  better  work  thau  the  discharge,  beeauR) 
'  attendant  ^lect^  the  quality  of  product*^  desired ;  and  again  the  sieve  ii?  cleaned 
3d    {he  bottom  bed   carefully   readjusted   at    frequent   intervals.     The   disad- 
cire:  the  amount  of  labor  required  if  there  is  a  large  proportion  of  con- 
,  the  time  lost,  the  derangement  of  the  mill  work,  and  finally,  the  depth 
of  the  bottom  bed  is  too  variable  for  the  best  work,  beginning  at  the  smallest 
Jlowable  thickness  and  increasing  to  the  maximum. 
Skimming  is  the  rule  in  the  native  copper  mills  of  Lake  Superior^  where  there 
but  very  few  cases  of  automatic  discharge,  while  it  is  the  exception  in  all  the 
her  mills.     In  the  former,  the  percentage  of  concentrates  is  not  largi*  enough, 
a  rule,  for  automatic  discharges;  the  bottom  beds  of  copper  do  not  wear  out 
ad  lose  by  attrition.     The  sieves  need  to  be  cleaned  perhaps  more  often  than 
^ith  the  brittle  minerals.     In  the  latter,  the  percentage  of  concentrates  is,  as  a 
lie,  much  larger,  so  that  continuous  discharges  may  be  easily  run  and  the  cost 
of  labor  and  derangement  of  the  mill  from  stopping  to  skim,  would  be  very  seriouB. 
The  jigs  which  have  their  coarse  concentrates  removed  by  skimming  are  shown 
in  Table  283,     Of  them,  Mill  21,  jig  No.  1  is  fed  with  a  sized  product  *  Mill  31, 
jig  No.  9,  with  the  first  .spigot  of  a  classifier.     In  both  cases  the  hole  in  the  sieve 
ig  of  about  the  same  size  as  the  maximum  grain  of  concentrates  and  under  these 
anditions  a  bottom  bed  accumulates  so  slowly  that  skimming  must  be  used,     Thia 
roids  the  loss  by  attrition  of  a  bottom  IrmI  which  is  put  on 
ad  avoids  the  poor  jigging  tight-bottom  bed,  which  would 
li^ult  if  a  fine  sieve  was  used.     In  Mill  21,  jig  No.  5  and 
[ill  30,  jig  No.  7,  both  are  fed  by  the  second  spigot  of  classi- 
Brs.    Their  sieve  holes  are  much  smaller  than  the  maxinmm 
lartz  grain  and  yet  large  enough  to  slowly  accumulate  n 
ottom  bi?d.     These  arc  skimmed  for  the  same  reasons  as  the 
vo  preceding  jigs.    In  Mill  \2,  jig  No.  4  is  the  only  continu- 
J8  plunger  jig  in  a  mill  supplied  with  movable  sieve  jigs, 
is  natural  that  it  should  be  skimmed,  therefore,  to  keep  the 
liethod  uniform.     In  Mill  2b  the  No.   1   jigs  are  skimmed 
rery  two  hours  to  reduce  the  bottom  bed  from  4  incliee  dee]i  to 
inches  deep.     All   the  sieves  in   mills  other  than  nativr 
apper  are  skimmed  occasionally  to  clean  the  sieves. 
Considering  the  native  copper  mills  (44  to  48  inclusive), 
lill   44,   No.   2  jig  has   discharge   on   both   sieves;    No.   *\ 
I  second  sieve;  No.G  jig  on  tirst  two  sieves ;  No.  7  on  first  sieve ; 
la,  10  on  its  sieve  j  No.  12  jig  on  first  and  third  sieves  and 
po.   13  on  the  third  sieve.     In  Mills  46  and  48  automatic 

is  used  on  the  second  sieves  of  No.  1  jigs.    These  discharges  are  in  every 

:i;^s  which  run  freely  enough  to  run  discharges.    All  the  other  jigs  of  the 

ike  Superior  nnlls  are  skimmed  periodical ly,  as  shown  in  Table  283,  in  some 

ises  merely  to  cleiin  the  sieve;  in  others  to  remove  coarse  concentrates  as  well. 

Rittinger  describee  jigs  with  fixed  sieves  used  in  the  early  days,  from  which  all 

products,  even  the  tailings  were  removed  by  skimming,  aa  is  the  caae  now  in 

id  jigs. 

(2)  ArTTOMATiG  Dr  ks  may  be  divided  into  two  groups: 

la)  Ctfkte  and  dam  s; 

f)  Other  forms, 

^132.  (a)  Gate  akd  Dam  Discharges — (See  Fig.  334.) — These  ooneut  of 

fdam  J,  with  an  opening  B  at  a  height  C  nhnvv  (he  sieve,  running  in  guide*  and 

able  as  to  height,  and  a  gate  or  enclosure  E  so  arranged  that  coarfse  cod* 

ites  in  order  to  pass  out  through  /?,  must  f5ntt  pa^  under  E.    Tlu>  t^tvT^ 

I  appsratui;  b  on  follows:  If  0  5*  the  depth  of  IW  eoa.T«fe  cK(u<cfctvVi%Vvft  %xA  W 
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•js^asr^  i^Tzia  v~:ll  auAits  &  .iiBi^  f^inmii.  if  Juniz  jq^L  For 

zarrz^  -af-:zc  rrrtrrrr  i.i_  miL  r**t**w    sHst^m:  izinilii  TA  are 

r  j^E£.  nil.  f  ^^:i  Z  -atfi  rtm^i.  i  nrTP*-     jf  i.  -nrrmn  lOtf  $(W2«  iadia 

flesXMK  *  i>iiaiie23*a-  li-  i^-i^dr  ir  i.  *t"***  ti«^  ic  gii'i—ng  ijwtt^c  t-iTwi* ; 
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K  in  g*  f  T7TL.ijgT.r  jT  "iixr  ¥^^tva_  if  "ins  linzxu^^    T^ss 
awa  :  1  >£i  ^  T^itT  :rEff  ^^t*^*!"  m.  ^k  sins  wraiii 

itni::rr"  if  -Hcr  > -trie  xr-l  :&  tOijl  ~3ib:  x  -wIL  luucLiliiaEidy  fiad iti on 
~  p;r^a  •"nctj^  u  :zi^  sb^  il  iat  i^tsL  'zm  ^xcsiol  led  Q  vill  nome 
cii  iixr  n.ma  T-il  r^a^  iutir^  -im  "tip arc  f  sue  'wzZ,  t^a3mw  ■^■■'■ff^  A 
n  ins  z^xjti  in^  c.-^jiiJzzE  Jr  fionmsumiasiT  jtn'iimat  ir:  fv  ^*>— |^  if 

^  iTBL.  1*  izxr  Tr=:r:r  .  mj:  x  sabsKsr  Ai  nvfirfinr  &    IRtt  «QBdiikB  VBder 

X  Tn>  u  1*:  mmmani*  £  toisl  .*  jbs  'hbel  as  jiw  -at  ^"■■-■■i  4^  a  ivh  of 

mit  r  >  i  ■iIlT't^-:  i^  i  '■■ggnnT  if  ^masizrBSE^    T^iex  ike  top  kycr  of 


r  -^^  4inie  ?i2^    •  lit  iXIt  ^DK  jPlQinriillL  if    IHilf  UrMJBfc. 

laL  ^mr  -nr  :^:LL:prrrnrag  jl  ii^  kl  J  "afflmr  -a^  aoe  E  daD  k 
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I?  3f  rsxifnZr  2i£l<i  27  -n  ~  iit£>T  -TiEi  -vtn.  baTT  ccekneziimes  like  galena  or 
aitrr«»  jrcci-'r-  :i»-  jjixji-T^  nf  "Oi*  jccinit  kc  i?  g;  perf«i  that  it  matters  not 
▼ifCiHr  i£*i  iL^ihLTi^  2?  Ti;Bi-'£  m  3e  sin*-  ^  reticr.  cr  on  the  taU  end  of  the 
iir.  af  i:^  ::  :•  cikrzrL'ii^  ttH  ~ztt  irvazi  lit  csadaitt  fnan  all  parts  of  the 
$arr<.  'iTiKrf  l-Tirtir  :cri^  li  ZiiSiiif.  c«  raaxairaiei  the  eoDcentrates  layer  0 
»  jturi:  lesi  T«rrf r-i :  -i  fiir:  i"  ^  iLiiSL  rri'ter  tc^iraid  the  taiL  and  in  this  case 
a  &<ci3&r£?  f  Juifir  £:  :3i^  ^:>Sf  nr  users'  cf  1^  pg.  iraris  Ibh  perfectly  than  one  it 
thf  ail  ' 

§  4^^.  .1  fipis  /  -  ;  W  'JcY. — ^?%f  siaee  F.  dm  »  &e  heighft  of  the  gate,  nni£t 
he';;55C  jcflf>:c»£c:  t:  iHtv  u*f  T*rb:ji**:f  ^narse  ecnKCBtntes  to  pass  fredy  beneath 
the  $«t¥.  If  :^  hSiji::  ^  3liu£.  iziir^kBE^  ibsK  is  dMnget  at  gangoe  ooming  into 
the  <v>D.Yrraii£S5.  Titt  ra:  ^ixi  :if  bem  cf  the  gate  above  the  aere  bears 
t«k  the  diaiM^r  ci  ibf  z^^axizrxizi  crair  of  feed,  differs  vith  the  siae.  This  is 
^m  in  TaMe  ^^^4.  v^^  is  a  ?:2lzs£2t  of  Table  t83L  In  this  the  jigs  bafe 
%Tid(d  into  civn^s  afccs^isg  to  ^ssae  of  the  naxiBnin  grain  of  &  feed 
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The  lighter  Uic  specific  gravity  of  the  coarse  concentrates  the  higher  the  gate 
jhoultl  W  aliove  the  Htevf.     The  roafi<iQ  for  I  his  is  that  as  the  luotur  power  weak- 

*,  the  friction  nui^t  be  lesbcnrcl  by  incrcai^ing  the  area  of  the  passage,     la 

ills  10,  1^2,  '^4,  W  and  4U  the  above  argument  appears  to  bold,  because  the 

gates  of  the  later  sieves  are  higher  than  those  of  the  earlier  on  any  particular  jig, 

Jn  mobt  of  the  mills,  however,  thi!^  variation  is  not  found  and  in  them  the 

imrniBhed  quantity  of  material  to  he  discharged  on  the  later  sieves  is  presumably 

idered  to  give  sufficient  relief  from  friction.     In  a  few  instances  the  author 

id  the  height  of  the  gate  to  be  about  the  same  as  the  diameter  of  the  ma^ximum 

in  and  in  one  case  even  lees.     There  probably  were  spaces  where  the  sieve 

ilicd  down,  making  the  hole  really  larger  than  the  measure  obtained. 

It  is  sometimes  customary  to  place  the  gate  at  a  high  level  in  order  to  dis* 
charge  the  lighter  portions  of  coarse  concentrates  which  are  near  the  top  of  the 
bottom  bed,  without  disturbing  the  heavier  grains  below.  In  Mill  38,  jigs  No* 
13  and  14,  with  tailboards  3^  inches  high^  the  rlanis  are  2|  inches  high  and  the 
gates  2  inches  above  the  sieve.  This  plan  effectually  prevents  the  bottom  bed 
of  coarse  concentrates  from  rising  above  2\  inches  high,  maintains  a  good  bot- 
tom bed  of  coarse  material  for  suction  with  very  little  attention  and  removes  the ' 
finer  grains  of  ore  and  middlings,  which  would  tend  to  clog  the  bottom  bed. 
The  tail  discharge  used  at  Monteponi  (see  §439),  is  a  high  discharge, 

§434.  The  Heifjht  of  the  Dam  C  (see  Fig.  334),  must  be  regulated  by  trial 
It  must  be  low  enough  to  keep  the  layer  0  from  flowing  over  the  tail  of  the  Jig, 
and  yet  not  so  low  as  to  let  gangue  pass  under  the  gate  E  into  the  concen- 
trates. It  is  customary  to  adopt  some  thickness  of  bottom  bed  and  then  run  the 
jig  in  such  a  w^ay  as  to  maintain  that  thickness.  To  do  this,  when  concentrates 
{arm  a  large  proportion  of  the  feed,  owing  to  the  friction  in  pa^^sing  through  F, 
the  height  C  must  be  low  to  give  a  free,  rapid  discharge  through  jB.  When  the 
proportion  is  small,  C  must  be  high  to  prevent  too  rapid  discharge.  The  height 
of  the  dam  also  depends  to  some  extent  upon  the  coarseness  of  the  ore;  the 
coarser  it  il,  the  less  lively  is  its  movement  and  the  lower  should  the  dam  be. 
The  necessity  for  lowering  the  dam,  as  the  specific  gravity  of  the  coarse  concen- 
trates becomes  higher  has  been  already  indicated  in  g  432. 

This  not  only  applies  to  the  jigging  of  ditferent  minerals,  for  example,  galena 
specific  gravity  7.5)  and  native  copper  (specific  gravity  8.8),  requiring  a  lower  1 
dam  than  chalcopyrite,  or  blende  (specific  gravity  4),  but  it  also  holds  in  regard 
to  the  heights  of  dams  of  the  several  sieves  in  series  of  a  single  jig.  The  later 
gieveg  always  have  coarse  concentrates  of  lighter  specific  gravity  than  the  earlier, 
and  in  consequence  their  dams  will  naturally  be  higher.  The  quantity  of  coarse 
concentrates  on  the  later  sieves  will  generally  be  less  than  on  the  earlier  and 
"  19  too  would  call  for  higher  dams.  On  the  other  hand^  lower  dams  on  the  later 
eves  may  be  desirable  for  the  purpose  of  making  the  bottom  bed  thinner,  thereby 
ifowing  more  fine  concentrates  into  the  hutch  and  helping  to  complete  the  re- 
moval of  values  from  the  tailings.  With  jigs  so  run,  the  later  sieves  will  be 
making  middlings  with  more  or  less  gangue. 

J'or  purpose  of  comparison,  the  ratios  of  height  of  dam  to  the  height  of  the 
^ard  hove  been  computed  in  Table  283.  Referring  to  this  it  will  be  seen 
some  jigs  are  ruled  by  the  arguments  which  call  for  higher  dams  on  later 

yes;  others  by  the  arguments  for  lower  dams;  and  ytill  others  liave  no  varia- 

itL     It  will  be  noticed  that  the  ratios  in  the  table  range  from  0.14  up  to  unity. 

lere  on*  only  a  few  below  0.50.  and  of  them  those  in  Mill  38  are  known  to  have 

restricted  outlet  and  not  to  depend  entirely  upon  the  height  of  dam  for  the 

ulation  of  discharge. 

lany  forms  of  gate  and  dam  discharge  laave  \>eeTi  4^\\pi^3L  ^\i\Ott.  ^roa:^  >sfc 
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divided  tccording  to  their  podtion  into  three  dasaes:  (a)  Side  diadittgci^  (k) 
tail  discharges  and  (c)  center  discharges. 

§  435.  Tils  Side  Discharge  is  used  in  a  very  large  majority  of  casea.    It  ii 
piMed  for  convenience  against  the  side  of  the  jig  and  generally  a  littk 
the  tail  than  the  head.    The  tail  comer  has  not  succeeded,  owing  to  the  i 
tioQ  of  the  bottom  bed  due  to  friction  on  the  side  and  on  the  end  of  the  conqiait- 
meat    Among  the  various  forms  of  side  discharges  are  the  following: 

The  Captain  John  Richards  discharge,  used  at  Mill  44,  has  a  gate  of  died 
copper^  semi-cvlindrical  in  form  with  3-inch  radius,  flanged  and  nailed  to  the 
aiae  of  the  jig.  Through  the  plank  wall  of  the  jig  a  hole  is  bored,  sloping  in- 
ward and  upward  about  30^  to  suit  a  lead  pipe,  with  about  f-inch  bore  and  8 
indiea  long.  This  pipe  fits  looselv  in  the  hole  and  has  its  inner  end  within  the 
gate.  The  di^harge  is  slackened  by  pushing  the  pipe  inward  a  little  in  the  slop- 
ing hole,  thereby  raising  its  inlet  to  a  higher  level,  and  it  is  hastened  by  pushing 
it  outward.  The  stream  flows  directly  into  a  bucket  in  the  bottom  of  whidi  ii 
an  inch  hole  covered  with  20-me6h  wire  screen  to  drain  the  concentrates  as  thgr 
are  canriit. 

The  dii^^har^  on  the  fine  jigs  of  Mill  37  (see  Figs.  306fc  and  306t),  consists  of 
a  pen  /  of  No.  14  galvanized  iron  which  acts  as  a  gate,  and  a  pipe  m  which  adi 
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PIG.  335il. — KND  VIEW 
OF  GATE  AND  DAIC 
niSCHARGR  AT  MILL 
30. 


PIG.   S35ft. — SIDE 
VIEW  OF  GATE. 


FIG.  335c. — ^PLAN. 


as  a  dam.  Tlio  total  height  of  the  gate  is  5}  inches  above  the  sieve  and  its  lower 
edge  is  i  inch  above.  The  dam«  as  set  in  the  drawings  is  3^  inches  above  the 
sieve,  but  this  may  need  to  be  adjusted  differently  for  each  size  and  weight  of  ore. 
The  dam  is  an  inclined  iron  pipe  1  inch  in  diameter,  sliding  in  the  side  wall  ol 
the  sieve  box,  the  leakage  being  prevented  by  passing  the  pipe  through  an  elliptical 
Hole  in  n,V-inoh  shtvt  rubber.  It  is  supportea  and  held  in  place  by  a  strap  v,  eye- 
rod  IT,  clamp  X  and  thumb  screw  y,  affording  easy  adjustment. 

The  coarse  jigs  of  Mill  37  have  a  piston  which  is  pushed  down  in  the  enclosure 
by  a  hand  screw,  to  modify  the  discharging  action,  by  cutting  off  part  of  the 
opening  in  the  side  wall  of" the  jig. 

The  discharge  in  Mill  30  (see  Figs.  335a-335c)  has  a  gate  or  endosnre  of  plate 
iron  in  the  form  of  a  semi-cylinder  i  inch  thick  with  a  radius  of  3  inches^  and 
bolted  to  the  side  by  two  |-inch  U  bolts.  The  adjustable  dam  is  of  |-inch  date 
iron  with  a  dischai^je  opening  4  inches  wide  by  1^  inches  high  cut  in  it.  This 
can  be  raised  and  lowered  in  guides  so  as  to  give  any  desired  height  of  dam. 
The  center  of  the  discharge  is  5  inches  from  the  tail  of  a  sieve  32  inches  long. 
This  form  is  probably  more  universally  adopted  than  any  other.  In  comparing 
Vscharge  with  those  uaedoTiV!i[i^%ai<^\M5&^')I^U^      aiul  44  we  note  that  the 
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former  changes  suddenly  from  no  discharge  to  a  discharge  over  a  dam  4  inches 
wide,  while  the  latter  change  to  a  discharge  through  part  or  the  whole  of  the  area 
of  a  moderately  small  pipe.  The  latter  are  mudi  more  restricted  openings  and 
will  not  draw  down  the  concentrates  so  fast  as  the  former.  They  are,  therefore, 
less  liable  to  draw  over  the  gangue  into  the  concentrates  than  is  the  wide  gat 
&f  Mill  30. 

The  Baum  coal  jig  has  the  gate  and  the  dam  suspended  from  the  opposite  arms 
of  a  rocking  lever,  so  that  as  the  lever  is  moved  by  a  third  arm^  the  gate  goes  up 
as  the  dam  goes  down,  and  rice  versa  (see  Fig.  314). 

The  Heberle  discharge  (see  Fig.  336),  is  like  that  of  MiU  30  except  that  the 


FIG,  336. — HEBEBI^B 
DISOHABG£» 
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FIO.    337. — ^LONOITITDINAL  SECTION   OF  JIG  AT 
0LAU8THAL. 

dam  D  is  of  constant  height,  made  in  wood  and  a  plate  iron  piece  B  shuts  down 
upon  it  to  limit  or  cut  off  the  discharge. 

In  regard  to  the  enclosure  which  is  necessary  in  the  preceding  forms,  it  sub» 

trarts  just  so  much  surface  from  that  doing  active  jigging  work  and  it  im- 

pdes  the  carrying  current  which  conveys  the  gangue  from  the  head  toward  the 

lil  of  the  jig;  it  should,  tlierefore,  bo  made  as  small  as  possible  and  still  work 

r.4y.     The  arljustment  of  the  d«m  should  he  simple,  as  the  whole  control  of 

^e  bottom  bed  depends  upon  its  regulation, 

§  43rk  Tail  DiMrJianjes.^'Tho  forms  Jusi  drscrihed  under  side  discharge,  can 

;  easily  applied  to  the  tail  of  the  sieve  on  a  one-sieve  jig  or  «l  GoUaixx.  \v^v<sit^j5fc 
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the  last  sieve  on  a  jiff  with  several  compartments.  The  advantage  of  this  pod- 
tion  is  that  it  is  the  place  on  the  sieve  where  the  bottom  bed  of  heavy  conoentoatei 
will  be  the  deepest.  The  construction  of  the  enclosure  will  need  to  be  built  up 
above  the  tailboard  at  the  back^  to  prevent  tailings  from  mixing  with  the  heads. 
For  tlvs  earlier  sieves  of  multi-sieve  jigs  this  arrangement  complicates  the  con- 
struction  and  is  not  commonly  used.  The  author  found  it^  however^  in  Mill 
81.  As  used  at  Mill  '44  on  the  No.  6  and  No.  7  jigs,  the  gate  or  endoeure  is 
placed  in  the  middle  of  the  tailboard.  The  dam  is  a  pipe  brought  in  thiouf^ 
uie  tailboard,  which  has  a  prolongation  of  rubber  tube.  The  end  of  this  tube 
may  be  elevated  or  depressed  by  a  &umb-nut  and  screw,  for  retarding  or  hasten* 
ing  the  discharge  of  concentrates.  The  reason  for  using  a  tail  discharge  on  these 
jigs,  instead  of  a  side  discharge,  is  because  the  bottom  bed  is  not  quite  so  soft  as 
tlutt  of  the  jigs  using  the  Captain  John  Bichards  discharge. 

As  used  in  Mill  39  on  No.  1  and  No.  2  jigs,  the  enclosure  is  in  the  form  of  a 
V,  5  inches  wide  and  6^  inches  long. 

Tail  discharges  proper  extend  across  the  sieve  and  draw  off  concentrates  from 
the  whole  width.  At  Clausthal  a  tail  discharge  is  used  on  the  jigs  for  sizes 
ranging  from  17.78  mm.  down  to  2.37  mm.  This  discharges  concentrates  throu^ 
a  slot  running  the  whole  width  of  the  sieve,  under  the  edge  of  a  gate,  and  thejf 
are  lifted  over  a  dam  by  the  pulsion  into  a  discharge  launder.  The  gate  is  aa- 
justable  up  and  down  by  thumb-screws  and  is  of  curved  form  to  allow  -&e  tailings 
to  pass  over  it  (see  Fig.  337).  This  practice  was  adopted  in  the  European  miUs 
in  the  seventies.  It  has  a  capacity  for  discharging  continuously  a  large  propor- 
tion of  concentrates  and  if  required  to  discharge  small  quantities,  tiiie  tailboard 
may  have  spaced  holes,  instead  of  a  continuous  slit,  or  it  may  be  run  intermit- 
tently. This  discharge  requires  a  drop  of  at  least  2^  inches  between  the  sieves, 
to  prevent  the  water  and  sand  of  No.  2  sieve  from  splashing  back  into  the  con- 
centrates of  No.  1. 

An  ingenious  method  of  cutting  down  the  amount  of  opening  is  shown  in  Figs. 
338a  and  3386,  the  Osterspey  discharge.      Here  what  is  practically  a  set  of  tri- 


FIG.    338a. — SEO-         PIG.  3386. — ^begulatob  for  ostbbspey  dis- 

TION  OF  OSTER-  CHARGE. 

SPEY       DIS- 
CHARGE. 

angular  holes  is  made  to  be  raised  or  lowered  in  front  of  the  discharge  slit,  thereby 
giving  any  amount  of  opening  desired. 

§  437.  Center  Discharges,  sometimes  called  bell  discharges  (see  Fig.  337). 
Ttese  have  circular  enclosures  or  gates  placed  centrally,  nearer  the  tail  than  the 
head.  In  the  middle  of  the  enclosure  a  pipe  passes  down  through  the  sieve  and 
out  at  one  side  of  the  jig  tank,  and  carries  off  the  concentrates.  The  extension 
upward  of  this  pipe  above  the  sieve  is  adjustable  as  to  its  height  and  it  serves  as 
a  dam.  The  changing  of  sieve  frames  from  time  to  time  makes  the  connection 
with  the  central  pipe  troublesome.  This  was  tried  in  some  of  the  mills  at  Lake 
Superior  between  1866  and  1872  and  given  up.    As  used  at  Przibram,  the  gate 
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p  *  IB  10  mchea  high  and  6  iBches  in  diameter;  the  pipe  dam  is  IJ  to  2^  inchefi  in 
diameter. 

L     §438.  (b)  Other  Forms  of  Discharges  than  Gate  and  Dam. — These  are 

^■not  Fo  commonly  used  and  a  description  of  two  types  only  will  be  given. 

"  The  Captain  Harris  Atmospheric  Discharge. — -This  discharge  is  nsed  in  Mills 
44  and  46  for  taking  off  coarse  concentrates,  which  are  in  this  case  middlings, 
from  the  whole  width  of  the  tail  of  the  coarse  jigs  which  treat  stnff  y\  inch 
(4.76  mm.)  in  diameter.  It  is  nsed  in  Mill  44  on  both  sieves  of  No,  2  jig,  on 
the  second  sieve  of  No.  3  jig,  on  jig  No.  10,  on  the  first  and  third  sieves  of  No.  13 
jig  and  on  the  third  sieves  of  No.  13  and  No.  14  jigs;  in  Mill  46  on  the  second 
sieve  of  No*  1  jig. 

As  shown  in  Fig.  339,  it  consists  of  an  enclosure  A  with  an  air-tight  top, 
sides  and  ends,  2  inches  wide  and  not  quite  reaching  the  sieve  to  allow  the  passage  ' 
of  concentrates.     It  is  made  of  |-inch  steel  plate  bent  at  right  angles  and  screwed 
to  tlie  tail  cleat.    At  the  top  in  the  center  is  a  f-ioch  pipe  B,  10  inches  high^ 
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FIG.  331*. — ATMOSPHERIC  DISCHAEGB,    FIG.    340. — FIVE   DISCllARGE   IN    MILL    28, 

with  a  little  cock  C  which  can  be  opened  for  passage  of  air,  or  closed.  At  the 
level  of  the  sieve  is  a  J-inch  pipe  D  through  which  the  concentrates  flow.  When 
the  cock  is  closed,  no  concentrates  discharge;  when  it  is  wide  open  the  concen- 
trates discharge  very  rapidly;  by  regulating  the  air  cock  the  quantity  of  con- 
centrates is  regulated. 

Pipe  Discharge, — In  Mill  28  on  jigs  No.  3  to  No.  8  inchisive,  the  coarse  con- 
centrates are  discharged  from  the  center  of  the  sieve  through  a  2J-inch  pipe  P 
(see  Fig,  340),  sloping  55'%  the  upper  end  of  which  is  flush  with  the  sieve.  This 
pipe  passes  out  through  the  wall  of  the  jig.  The  flow  of  the  concentrates  is  regu- 
lated by  a  chpck-plate  b,  hinged  at  a,  which  is  held  up  by  a  rod  d  and  thumb-nut  c. 
When  the  plate  is  lowered  the  concentrates  flow  more  freely,  when  raised,  less  so. 
It  can  be  .screwed  up  to  a  point  where  it  shuts  off  both  concentrates  and  water. 
iThe  man  who  tends  the  jig  judges  by  the  depth  of  coarse  concentrates  on  the 
|ipve  whether  to  ran  the  discharge  faster  or  slower.  This  is  one  of  the  simplest 
>niifl  of  discharge  and  one  which  is  available  for  all  but  the  coarsest  jigging 

_Kiinhardt  found  this  discharge  used  abroad^  with  the  lower  end  partially  closed 

I  eliding  gate  or  nozzle  of  given  diameter.     In  using  this  form  of  discharge 

Bnbarh  recommends  that  for  material  over  13  mm,  the  diameter  of  the  pipe 

bould  be  three  times  the  size  of  the  stuff  discharged,  and  for  small  stuff,  W^ 

fi  439,  DouBtB  DiscHAnoEfi  are  sometimes  u^cd  m^h  ^  ^^^  m  ^^  ^^«^  "^^ 
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accomplisli  upon  one  sieve  what  is  nsually  done  npon  two  sieves  in  series.    The 
capacity^  however,  is  diminished  or^  if  not,  the  quality  of  the  work  suffers. 

In  Mill  17  No.  1  jig,  on  the  first  sieve,  makes  galena  by  a  gate  and  dam  dis- 
charge; on  the  second  sieve,  it  makes  blende,  etc.,  by  a  low  gate  and  dam  dis- 
charge, and  quartz-blende  middlings  by  a  high  gate  and  dam  discharge,  while 
the  taUings  are  clean  enough  to  throw  away.  The  galena  gate  and  dam  are  } 
and  2  inches  hi^  respectively.  The  blende  gate  and  dam  are  }  and  2  inches 
high  respectively.  The  quartz-blende  middlings  gate  and  dam  are  2  and  ^ 
inches  high  respectively. 

The  following  notes  are  given  of  European  practice  about  1870:  (1)  Braun's 
jig  at  Perm  works**  used  two  tail  discharges,  one  above  the  other.  (2)  At 
Bleyberg^^,  two  discharges  were  used  on  one  sieve;  one  was  a  center  discharge, 
the  other  was  a  tail  gate  and  dam.  (3)  At  Angleur  and  at  Bocheux^^,  two- 
compartment  jigs,  were  used,  each  with  two  tail  discharges  one  above  the  other, 
and  yielded  on  first  sieve,  galena  in  the  lower  discharge  and  galena  and  pyrite 
in  the  upper;  on  the  second  sieve,  pyrite  in  the  lower  and  pyrite  and  blende  in 
the  upper.  The  tailings  were  waste.  The  two  mixed  products  were  returned  to 
the  jig.  (4)  At  Welkenraedt*^,  a  three-sieve  jig  had  center  discharge  on  all 
the  sieves  and  tail  discharge  on  the  first  two.  It  yielded  on  the  first  sieve  in  the 
center  discharge,  galena;  in  the  tail  discharge,  galena  with  pyrite  and  blende, 
which  was  re-crushed;  on  the  second  sieve  in  the  center  discharge,  pyrite, with  a 
little  blende  and  galena,  which  was  re-crushed ;  in  the  tail  discharge,  blende  with 
pvrite,  which  was  returned  to  the  jig;  on  the  third  sieve  in  the  center  discharge, 
Dlendls,  and  overflow  which  was  waste. 

A  one-sieve  jig,  called  Ferraris  Intermediate  Jig  (see  Fig.  330),  used  at 
Monteponi  for  blende  and  galena,  has  a  sieve  400  mm.  wide  and  1,200  mm.  long, 
and  at  950  mm.  from  the  head  end  the  tailings  are  taken  out  by  a  central  vertical 
pipe  a;  at  the  tail  end  are  two  gate  and  dam  discharges  dd  with  circular  open- 
ings 60  mm.  in  diameter.  These  may  both  be  run  together,  making  the  same 
quality  of  blende,  or  they  may  be  run  to  take  coarse  concentrates  from  different 
levels  and  give  two  qualities  of  blende.  The  gates  are  kept  high  enough  so  that 
the  galena  is  allowed  to  remain  on  the  sieve  till  suflBciently  concentrated  and  is 
skimmed  off  once  a  day. 

§  440.  Intermittent  Automatic  Discharge. — It  is  possible,  when  the  pro- 
portion of  coarse  concentrates  is  not  large  enough  to  run  the  various  forms  of 
automatic  discharges  continuously,  to  run  them  intermittently  instead  of  resort- 
ing to  skimming.  This  is  the  case  on  the  second  and  third  sieves  of  No.  4  jig 
in  Mill  22,  on  the  second  sieve  of  No.  4  jig  in  Mill  24,  and  on  the  first,  second 
and  fourth  sieves  of  No.  4  jig  in  Mill  33.  Kunhardt  states  that  this  intermit- 
tent method  is  often  applied  to  a  pipe  discharge,  to  prevent  a  serious  waste  of 
water,  where  grains  in  the  concentrates  are  large.  The  jig  is  run  until  the 
coarse  concentrates  have  nearly  reached  the  top  of  the  tail.  They  are  then  drawn 
down  by  opening  the  discharge  jjipe  until  tailings  begin  to  appear.  Then  the 
discharge  is  closei  and  the  operation  repeated.  He  does  not  recommend  it,  how- 
ever. 

In  comparing  skimming  with  intermittent  discharge,  the  latter  has  the  advan- 
tage that  it  does  not  necessitate  the  stopping  of  the  jigging,  and  it  costs  less  labor. 
The  former  has  the  advantage  in  the  oft-repeated  readjustment  of  the  sieve  and 
in  the  better  selection  or  quality  of  the  concentrates.  Both  have  in  common  the 
following  disadvantages :  Danger  of  concentrates  getting  into  the  tailings ;  danger 
of  gangue  getting  into  the  heads ;  increased  loss  by  attrition ;  less  perfect  jigging, 
due  to  varying  depth  of  bottom  bed. 

§441.  Stay  Boxes  foe  k\iTOiiiLk't\c  \i\%^^Kaa^^  V^aw^  F\^.  341a  and  3416), 
Are  small  water-tight  compaxtmEnXa  m^  VQr^^\-^«^\\«NXa^  ^^\scek!(S!k^k!!^s^ 
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rith  the  delivery  of  the  automatic  discharge.  Into  this  compartment  the  coarse 
concentrates  can  move  without  the  passage  of  any  water.  In  fact,  as  they  move 
in  they  displace  a  certain  amount  of  water  w  hich  payees  back  on  the  sieve.  After 
the  concentrates  have  sufficiently  accumnkted  they  may  be  drawn  ofE  through  a 


It 


FIG.  341a. — EKD  SECTION 
OP  JIG  WITH  STAY  BOX, 


FIO.  3416. — SIDE  ELEVATION. 


gate  below  and  the  operation  repeated.    They  save  water  and  guard  against  too 

f^reat  a  flow  of  ore.  Kiinhardt  found  them  employed  only  on  jigs  treating  stuff 
arger  in  diameter  than  |  inch.  In  Mill  28,  jigs  No.  1  and  2,  treating  stuff 
ahove  16  ram,,  both  have  stay  boxes  which  are  10  inches  wide,  22  inches  long  and 
STinches  deep,  with  a  nipple  at  the  bottom  closed  by  an  inside  plug  which  may 
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no.    342a. — LOXGITtJDINAL    SECTION 

OF  THE  FEilllARIS  STAY  BOX, 

(BImensSoDA  in  milHineters.) 


FIG.  342i. — CB08S  SECTION. 


be  lifted  by  a  wire  to  discharge  them.     Mill  27  also  uses  gtay  boxes  on  the  coarser 

Forraris  uses  at  Monteponi  a  stay  box  which  holds  back  the  rush  of  water»  but 
draws  otT  the  ore  from  tlie  dii^e!rar^T  continuously  (see  Figs.  3t2a  and  3126). 
In  coni^tniction  and  mode  of  riiimiiig,  it  is  similar  to  the  Frenier  spiral  &and 
pump  (see  §C31),  run  backward.     The  concentrates  are  free  to  enter  the  cen- 
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tral  part  of  this  spiral,  bnt  fhey  can  only  pass  on  as  the  spiral  slowly  revolted 
giving  increased  cubic  contents  for  their  reception.  The  total  capacity  of  the 
spiral  is  1  to  1^  liters  per  revolntion,  and  the  speed  may  be  varied  from  1.7  to 
14  revolutions  per  minute.  The  dimensions  given  on  we  figures  are  in  milli- 
meters. 

DisoHAROES  WITH  Unwatebing  Sibves. — ^Thc  discharged  coarse  concentrates 
are  sometimes  unwatered  by  passing  over  an  inclined  screen  of  smaller  mesh 
than  that  used  in  the  ji^.  At  Clausthal  the  sieve  for  grains  17.78  mm.  to  4.28 
mm.  diameter  slopes  33  ;  for  the  several  smaller  sizes  the  slope  is  45^.  Thef 
yield  concentrates  to  a  box  and  water  which  is  returned  to  the  mill. 

Discharges  into  the  Hutch. — In  some  coal  jigs  it  frequently  happens  that 
the  coarse  concentrates  and  hutch  product  are  both  collected  together  in  the  hutch, 
both  being  waste  products.    The  Sheppard  jig  is  an  example  of  this. 

§  442.  Disposal  of  Concentrates. — ^When  the  concentrates  flow  automatie- 
ally  from  the  jig,  they  may  be  handled  in  several  ways  as  follows,  of  whidi  the 
first  four  are  where  the  products  are  finished^  and  the  last  four  where  additional 
treatment  is  needed: 

(1)  The  product  of  each  jig  may  be  unwatered  separately  in  boxes  which  send 
their  overflows  to  a  settling  tank,  while  the  concentrates  are  shoveled  to  a  barrow 
or  a  car.  This  arrangement  is  well  illustrated  in  the  Lake  Superior  copper  nuUs 
(44,  46,  46,  47  and  48),  where  the  hutch  products  of  a  pair  of  flnishing  jigs  go 
to  a  compartmented  tank  or  ^'copper  boxes.''  The  tank  used  in  Mill  48  has  seren 
compartments,  as  shown  in  Fig.  343.    Assuming  for  a  specific  example  that  tlds 

is  treating  the  hutches  of  No.  1  and  No.  2  nnisher  jigs, 
then  the  first,  second  and  third  sieves  of  No.  1  finiskr 
go  to  boxes  1,  2  and  3  respectively,  and  in  the  same 
way,  those  of  No.  2  go  to  boxes  4,  5  and  6  respectively. 
UpsCp-ii'-L^pr^  The  boxes  overflow  one  to  another  as  indicated  by  the 
[  1  [^  1  \y*  arrows,  everything  finally  coming  to  box  7.  The 
tP^^T^''^  \  i  '^l— =il  overflow  of  box  7  goes  to  a  long,  horizontal  launder  or 
settling  tank,  which  in  turn  overflows  into  the  main 
tailings  launder.  For  the  quality  of  these  products  the 
reader  is  referred  to  the  mill  scheme  in  Chapter  XX.  The 
No.  3  and  No.  4  flnishing  jig  hutches  are  handled  in  like  manner,  but  yield  a 
different  quality  of  products.  The  copper  boxes  of  Mills  44,  45  and  46  are 
very  similar  to  those  of  Mill  48.  In  general,  the  richer  box  overflows  into  the 
poorer,  although  this  is  not  a  universal  rule.  In  Mill  47,  four  more  compart- 
ments are  added  for  settling  the  overflow  and  the  long  settling  tank  is  dispensed 
with.  In  Mill  47  the  depth  at  the  upper  margin  of  the  copper  boxes  is  14 
inches,  at  the  lower  margin  18  inches.  The  cdver  jig  of  Mill  47  delivers  its 
hutch  into  a  box  2  feet  long,  1  foot  wide  and  3  feet  deep.  This  method  is  not 
tmcommon  in  other  mills  than  those  of  Lake  Superior.  For  example,  it  is  usel 
in  MiUs  15,  30,  70,  85  and  87. 

(2)  The  concentrates  may  be  unwatered  in  boxes  with  a  fine  filter  screen  in 
the  bottom,  a  gate  for  sluicing  out  the  settled  ore  and  a  car  for  transporting  it 
Mill  28  has  a  special  story  in  the  mill  beneath  the  jigs  for  these  boxes  and  each 
sieve  of  each  jig,  from  No.  3  to  No.  8,  has  its  own  box.  These  boxes  are  built 
as  two  long  compartmented  tanks  side  bv  side,  each  50  feet  long.  There  are 
twelve  boxes  or  compartments  in  each  tank  and  each  box  is  4  feet  6  inches  deep, 
2  feet  8  inches  wide  and  about  4  feet  long.  The  bottoms  of  the  boxes  slope 
toward  the  discharge  gate  and  the  latter  has  a  spout  or  chute  for  convenient  oe- 
livery  into  the  car.  'Rve  ecTCens  are  of  wire  cloth  and  are  placed  in  the  side  near 
the  lowest  point  where  tYie  w^t  m\\  >Qfc  \^%sX.,  «xA  ^iJft  ^ater  with  the  small 

amonnt  ot  ore  which  passea  ^brouf^  '\^  wttv^  \ft  ^^^^.  ^.  ^M^q324|,\»sSs.  'tta 
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boxes'^  of  mill  48. 
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earlier  and  later  jigs  have  no  under  story;  their  concentrates  are  treated  by  the 
first  method.  Mill  27  and  some  others,  dispose  of  the  concentrates  of  a  portion 
of  the  jigs  by  this  method.  The  Lake  Superior  native  copper  mills  use  this 
scheme  in  a  very  simple  way  for  the  coar=^e  concentrates  which  go  into  little 
buckets  with  a  hole  about  1  inch  in  diameter  in  the  bottom  covered  with  a 
fine  screen.  When  the  bucket  is  fivll^  in  most  cases  it  is  carried  by  boys  to  the 
shipping  car  or  barrels  or  in  the  case  of  Mill  44,  the  boys  dump  it  into  a  special 
jerking  conveyor  which  delivers  it  to  the  shipping  car.     The  drainings  of  the 

S buckets  are  saved  in  a  settling  tank. 
3)  All  the  jig  concentrates  are  run  together  into  a  large  system  of  settling 
ks.     In  general,  these  consist  of  a  ect  of  large  settling  boxes  with  or  without 
?r  screens,  with  gates,  chutes  and  cars  for  ease  of  draining,  discharging  and 
jhipping  the  products,  and  of  \eTy  large  settling  tanks,  for  settling  the  fine 
^KHow's.     Mills  38  and  42  are  instances  of  this  method  (see  §349). 
^^4)  All  the  jig  concentrates  are  run  into  one  of  a  set  o£  very  deep  tanks. 
These  tanks  are  in  different  stages  of  a  cycle  of  operations;  one  will  be  receiv- 
ing concentrates;  a  seeond  is  draining  and  a  third  is  being  emptied.     MiUe  30, 
31,  32,  34,  35  and  40  are  instances  of  this  method  (^ee  §349). 

(5)  Tbe  concentrates  are  sent  by  launders  to  a  trunking  table  or  trunking 
machine,  where  by  a  hand  hoe  or  by  mechanical  device  the  little  remaining 
gangue  is  taken  out,  leaving  pure  concentrates  for  the  smelter  and  middlings 
returned  for  further  treatment.  Mills  22,  25,  and  the  Desloge  mill  in  Missouri 
all  use  this  method. 

(6)  Certain  fine  jig  products  are  made  on  jigs  which  have  bottom  beds  with 
large  interstices  and  free  suction,  and  as  a  result,  contain  too  mueh  gangue. 
Their  hutch  products  are  fed  to  jigs  that  are  run  slower,  with  smaller  interstices, 
and  yield  finished  products.  Examples  of  this  are:  Mills  9,  10,  22,  38,  42,  43, 
44,  45,  46,  47,  48  and  86. 

(7)  Certain  very  fine  jigs  yield  hutch  products  with  too  much  gangue.  Thie 
is  removed  by  kieves.     Mill?  46  and  47  are  instances. 

(8)  Jigs  making  middling  products  containing  concentrates  attached  to 
gangue  and,  therefore,  requiring  rcKirushing,  send  these  products  to  some  crush- 
ing machine,  as  rolls,  Huntington  mill,  Bryan  mill  or  gravity  stamps.  This 
treatment  of  re-crushing  middlings  exists  in  nearly  all  the  mills. 

8  443.  Removal  of  Tailings. — The  usual  American  practice  is  to  allow  the 
tailings  to  overflow  the  tailboard  of  the  jig,  the  water  washing  them  away  in 
a  launder.     At  Monteponi,  Sardinia,  Ferraris  use?  a  vertical  pipe  a  extending 

S'*irough  the  whole  bed  near  the  tail,  for  taking  off  the  tailings  from  his  inter- 
ate  jig  (see  Fig,  330). 
metimes  it  may  be  desirable  to  unwater  the  tailings;  for  example,  first, 
wnere  the  sand  is  unfinished,  requiring  further  jigging  or  further  crushing; 
second,  where  there  is  fine  stuff  of  value  in  the  jig  tailings  which  can  be  sepa- 
rated by  a  hydraulic  classifier  attached  to  the  tail  of  the  jig,  the  overflow  being 
eent  for  further  treatment,  the  spigot  being  waste^*;  and  third,  where  economy 
of  water  is  to  be  practised.  Tme  last  is  sometimes  the  purpose  in  European 
mills,  but  in  this  country  labor  as  well  as  water  would  need  to  be  economized. 
To  this  end,  it  will  generally  be  cheaper  to  have  tbe  water  carry  the  sand  to  the 

Pilings  p«»nd  and  then  it  can  be  pumped  back  to  the  milL 
There  are  several  methods  of  obtaining  practically  dry  tailings,  among  which 
are  the  following: 

[1)  tJnwatering  is  done  by  a  steeply  inclined  sieve,  the  tailings  passing  over 
the  water  passing  through  tlie  sieve.     In  Mill  27  (see  Fig,  344),  ^  ^clv<?_^\!l 

width  of  the  jig,  sloping  45'',  and  16-mos>v  Vvt\\  "So.  %^  mxe  ^^i^'iV'b'ws.^ 
:yeter  of  bolp)  is  UBed  on  the  tailings  of  Ko.  ^  and'So,  "l  v%^.     KVOofeVyw^^ 
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end  of  the  sieve  is  a  little  cross  dam  1  inch  high  to  prevent  the  water  from  pash 
ing  down  with  the  sand.    The  sand  is  discharged  to  the 
hopper  of  a  Hendy  Challenge  feeder  and  sent  to  stamps, 
while  the  water  goes  to  waste.    The  tailings  of  No.  1  jig 
in  Mill  86  (through  9  on  6^  mm.)  pass  over  a  lO-mesh 
steel  wire  inclined  screen  which  is  the  same  width  as  the 
ji^  sieve  and  slopes  40''.       The  water  is  settled  in  a  set- 
uing   tank    ana    then   mns    hack    to   the    mill    tank. 
The  tailings  are  still  wet  enough  to  slide  in  the. trough  to 
the  Huntington  mill.     For  the  tailings  of  No.  2  jig  (6^ 
to  3  mm.)  the  arrangement  is  simikr,  except  that  the 
screen  is  16  mesh.    A  similar  arrangement  is  used  in  an-  HG  344.-^unwatie- 
other  Colorado  mill.     Coal  is  not  infrequently  unwatered      iiro     soresn    nr 
by  passing  it  over  a  sieve^  as  it  leaves  the  jig.    It  was  used      kill  27. 
in  Germany  as  far  back  as  the  days  of  Rittinger. 

(2)  Unwatering  boxes,  fastened  to  the  tail  of  the  jig  are  used  for  removing  t 
part  of  the  water  as  ovei^ow  to  be  used  on  other  machines,  while  the  lemaining 
water  carries  forward  the  sand.  In  Mill  44  unwatering  boxes  are  put  in  be- 
tween the  second  and  third  sieves  of  the  finishing  jigs  (CoUom  jigs).  In  Hill 
48  they  are  18  inches  long  by  24  inches  wide  and  are  put  in  between  the  fini 
and  second,  as  well  as  between  the  second  and  third  sieves  of  the  finishing  jigs 
(Collom  jigs) ;  the  settled  sand  goes  by  two  little  spigots  to  the  next  sieve  and 
uie  overflow  water,  after  settling  out  its  fine  slimes  for  slime  tables,  is  sent  to 
vniste. 

(3)  The  disposal  of  tailings  by  jigging  with  a  stay  box  has  already  been 
described  (see  §424). 

(4)  The  tailings  of  many  jigs  go  to  unwatering  boxes  located  at  a  distance 
from  the  jig.     They  are  treated  under  that  head  (see  §  340). 

(5)  A  mechanical  device  is  used  on  the  Luhrig  jig.  It  consists  of  an  end- 
less chain  scraper  which  carries  the  coal  from  the  tail  up  an  inclined  plane. 
This  saves  the  large  quantity  of  water  which  would  be  required  to  cany  so 
coarse  a  product  over  the  tail,  so  that  no  water  is  removed  except  that  adhering 
to  the  coal. 

(6)  Kunhardt  mentions  a  revolving  paddle  wheel  or  a  shovel  at  the  end  of 
an  oscillating  lever  as  simple  devices  commonly  employed  in  Europe  for  sweep- 
ing the  tailings  over  a  concavely  round  tail. 

(7)  A  coal  jig  described  by  M.  Evrard'^  as  used  in  Prance,  has  a  movable 
frame  above  the  sieve  with  a  number  of  blades  running  crosswise  of  the  jig.  By 
the  use  of  two  cams,  one  giving  horizontal  motion  and  the  other  verticil,  tbe 
blades  are  made  to  push  the  surface  coal  toward  the  tail  of  the  jig,  then  to  rise 
and  return  toward  the  head  and  finally  descend  to  the  coal  to  give  it  another 
push.  This  cycle  is  repeated  constantly  and  by  it  the  capacity  of  the  jig  is  in- 
creased and  the  carrying  current  done  away  with. 

(8)  The  tailings  of  jigs  at  Przibram  flow  over  the  tail  into  a  shallow  compart- 
ment in  the  side  of  which  is  a  sieve,  through  which  the  water  passes  into  a  sec- 
ond compartment.  The  tailings  are  conveyed  from  the  first  compartment  up  t 
trough,  inclined  25®,  by  an  Archimedean  screw  conveyor.  The  water  is  elevated 
from  the  second  compartment  8  to  12  inches  by  a  little  propeller  at  the  rate  of 
3.4  to  6  cubic  feet  per  minute  and  returns  to  the  hutches.  An  arrangement 
similar  to  this  occurs  quite  frequently  in  coal  jigs  where  the  coal  and  water 
passing  over  the  tail  fall  into  a  compartment  from  which  the  coal  is  removed  bj 
a  conveyor  while  the  water  passes  through  valves  into  the  hutch  of  tlie  jig  again. 

§  444.  The  Number  o^  »\t5TO  C»aw^KKt>KKw^  T^o^vred  in  a  jig.    fii  genenl 
this  will  depend  upon  ttviee  t\vVn®i-.  V>>>  «5v^  YQ^T^^w«fe\^T^\a^^?^^ 
(2)  the  capacity  Tequixefli  ot  V5[i^  \Vft\  V?^  ^aa  ^»»fc  ^\  ^B^K».\M«i. 


The  Purpose, — It  is  connnoii  to  jig  vory  coarse  produels  upon  one  sieve 

[order  to  quirkly  take  out  what  coarN*  free  foiicentratcfci  there  are  and  send 
the  rest  to  be  crushed  finer.     A  next  finer  t^ize  is  often  treated  upcjn  two 

res  in  the  i^anie  way.  For  a  third  grade,  where  the  mineral  is  mure  per- 
fectly unlocked  and,  therefore,  middlings  only  are  re-crushed,  a  three  or  four 
sieve  jig  is  good  practice.  For  the  finei?t  sizes  of  all,  where  the  middlings  may 
be  only  re-wa^hed  or  no  middlings  made,  three,  four  or  even  five  sieves  are  con- 
sidered good  practice.  The  last  sieve  is  run  as  a  guard  to  prevent  loss  in  tail- 
ings. For  this  purpose  it  is  rim  with  a  loot^e  bottom  bed  to  take  into  the  hutch 
all  that  can  be  saved.  Tlie  liutch  so  saved  requires  re'treatment  and  on  coarse 
sizes  it  will  contain  included  grains,  but  on  fine  will  generally  require  only 
^kther  washing. 

VWIiere  an  intermediary^  jig  is  nsed,  os  in  Mill  24  and  in  one  Colorado  mill,  to 
^kt  the  undersize  of  the  last  trommel  and  send  its  tailings  to  the  first  classifierj 
^fene-sieve  jig  is  good  practice. 

Where  rough,  quick  work  is  required,  as  in  Mill  13  for  example,  or  on  iron 
^1^  or  coal,  in  order  to  ^tqI  rich  heads  with  little  regard  to  the  loss  in  the  tail- 
H^  a  single  sieve  is  nscd. 

^^he  cloan-up  jigs  for  the  mortar  residues  of  the  Lake  Snperior  steam  stamps 
in  Mills  44  and  47,  and  a  few  finishing  jigs,  as  Mills  44  and  45  on  native  copper, 
■Bh  small  duty,  neeil  only  one  sieve  each. 

^bigs  for  testing  small  batches  of  ore  to  ascertain  the  yield  they  will  give  to 
^■aeentration,  are  often  made  with  nnc  sieve  only. 

^f(M)  The  capacity  required  of  a  jig  will  affect  the  number  of  sieves  needed. 
JigB  required  to  do  a  great  deal  of  work  will  want  more  sieves.  This  loading 
up,  however,  may  easily  be  overdone  and  it  is  probable  that  two  jigs  with  three 
sieves  eiich  will  do  better  work  than  one  with  six  sieves,  the  quantity  of  ore 
treated  being  the  same  in  both  eases. 

(S)  Ease  of  SeparaUon, — This  is  affected  by  the  coarseness  or  fineness  of  the 
crystalline  dissemination  of  the  heavy  mineral  in  the  gatigne.  If  the  minerals 
are  in  large  crystals  which  easily  tumble  apart  when  crushed,  then  fewer  sieves 
will  be  needed.  If  they  are  finely  disseminated,  tending  to  the  fonuation  of 
juach  middlings  of  all  shades  of  composition,  then  more  sieves  will  be  needed 
HrefTect  a  satisfactory  concentration. 

^It  is  also  affected  by  the  weight  of  the  gangne.  If  the  gangue  is  heavy  as 
siderite,  magnetite,  epidote,  etc.,  the  jigging  beeomes  more  difficult  and  more 
eieves  will  be  required  than  in  the  case  of  light  gangue. 

Again,  it  is  aiTected  by  the  difference  in  specific  gravity.     For  example,  the 
iration  of  galena  from  quartz  is  much  more  easily  done  and  requires  fewer 

than  the  separation  of  blende  from  quartz, 
''inally,  it  is  affected  by  t!ie  number  of  minerals  to  he  separated.     For  ex- 

^  le,  a  three  mineral  separation  will  naturally  require  more  sieves  than  a  two 

ieral,  and  a  four  mineral  separation  more  than  a  three. 
'  445.  Sieves  for  Two  Mineral  Separation, — The  number  of  sieves  used  in 
ing  different  sizes  in  two  mineral  separation  found  in  the  mills  is  represented 

fTuble  271,  and  a  summary  of  these  figures  is  given  in  Table  285. 

The  practice  of  the  United  States,  therefore,  for  Harz  jigs,  favors  one  sieve 
feea  which  has  a  maximum  grain  lying  between  64*32  mm.,  two  sieves  for 

lins  32-16  mm.*  three  sieves  for  grains  16-8  mm.,  three,  four  or  five  sieves 
grains  8-0  mm. 

rvrnkenbach  recommends  for  a  two  mineral  separation,  where  they  separate 

ily  owing  to  large  difference  in  specific  gravity,  a  two-sieve  jig,  yielding  clean 

Dcentrates  on  the  first,  middlingis  on  the  secoTvd>  ani  A^ml  \aiCC\si^%  \xv  'vJwji 
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TABLB  285. — NUMBER  OF  SIEVES  USED  IN  JIGS  FOB  TWO  HINEBAL  8SPABATI0K. 


Maximum  Size 

in  the  Feed  Lies 

Hetweeo. 

Number  of  Jlics  with 

1  Sieve. 

8  Sieves. 

SBieTea. 

48ieTea. 

SSieves. 

Mm. 
M-88 
88-16 
16-8 
8-4 
4-8 

(a)  8 
16)1 

1 

1 
6 
•      10 
(a)  14 
(a)  4 
Ca)  8 
(a)  88 

0 
8 

18 

18 

19 

ia)81 

16 

11 
81 

0 
0 
0 
0 

1 
8 

6 

(^Thflte  numbera  are  largely  increased  by  the  Odlom  Jin  of  Lake  Superior  and  lfbiitaBa,vhlehm 
teoed  to  uae  fewer  sieves  on  account  of  the  large  amount  of  hydrauUcirater.   (6)TliJlaisan  inteniiediaiy  JIs 

§  446.  Sieves  for  Three  Mineral  Separation. — ^The  jigs  in  the  mills  making  t 
three  mineral  Beparation  have  sieves  as  shown  in  Table  286. 

TABLE  286. — NUMBER  OF  SIEVES  ON  JIGS  MAKING  A  THREE  MINERAL  SEPARATION. 


Maximum  Size 

in  Che  Feed  Lies 

Between. 

Number  of  Jigs  with 

1  Sieve. 

2  Sieves. 

8  Sieves. 

4  Sieves. 

SSieves. 

OSteves. 

Mm. 
1^ 

4-8 

2-0 
Later  spigots  of  ( 

0 
0 
0 
0 

0 

1 
0 
0 
0 

0 

0 

1 
1 
1 

8 

8 
8 
8 
6 

6 

(a)l 
0 
0 
0 

0 

0 
0 

0 

The  jigs  marked  (a)  in  Table  286  are  typical  of  a  class  of  mills  in  Sonthwest 
Missouri  of  which  there  may  be  ten  or  more.  The  many  sieves  are  used  to  get 
high  capacity  when  jigging  blende  with  small  difference  in  specific  gravity  between 
the  concentrates  and  the  waste.  The  Cooley  jigs  used  for  this  work  have  5  and 
7  sieves  on  the  roughing  and  finishing  jigs,  respectively.  The  only  mills  the 
author  found  making  a  three  mineral  separation  on  jigs  are  9,  10,  15,  17,  18 
and  19.  Although  this  table  is  meager  in  number  of  ligs,  it  shows  that  the 
separation  of  three  minerals  in  this  country  generally  calls  for  from  three  to  six 
sieves  on  a  jig. 

Bellom''*  finds  four  compartments  most  commonly  used  in  Europe  for  three 
mineral  separation,  disposing  the  products  as  follows:  No.  1  sieve  yielding  pure, 
heavy  mineral ;  No.  2  sieve  yielding  heavy  and  medium  minerals  mixed ;  No.  3 
sieve  yielding  pure  medium  mineral ;  No.  4  sieve  yielding  medium  and  light  min- 
erals mixed ;  tailings  are  pure  light  weight  mineral.  He,  however,  favors  the 
plan  used  at  Ems,  which  has  only  three  sieves  for  three  mineral  separation,  dis- 
posing the  products  as  follows :  No.  1  sieve  yielding  pure,  heavy  mineral ;  No. 
2  sieve  yielding  heavy  and  medium  minerals  mixed ;  No.  8  sieve  yielding  m^inm 
with  a  little  light  mineral ;  tailings  are  pure  light  weight  mineral.  This,  of 
course,  could  only  be  done  where  the  medium  mineral  was  well  unlocked. 

Linkenbach^*,  where  hand  picking  is  used  for  coarser  sizes,  gives :  First  sieve, 
clean  heavy  mineral;  second  sieve,  pure  medium  mineral  mixed  with  included 
grains  of  heavy  and  medium,  which  is  hand  picked ;  third  sieve,  middling  prod- 
uct which  is  re-crushed ;  tailings,  which  are  clean  gangne. 

At  the  Vaucron  milP*  in  Prance,  5-8ieve  jigs  are  used,  which  j^eld:  Rrrf 
sieve,  pure  galena;  second  sieve,  mixed  galena  and  blende;  third ^sieve,  blende; 
fourth  sieve,  blende;  fifth  sieve,  mixed  blende  and  waste;  tailings,  clean  waste. 

§  447.  Four  Mineral  Separation. — At  Diepenlinchen*'  a  six-sieve  jig  was  tried 
and  it  yielded :  First  sie^e,  raXeti^.  m^  %»^^o  VaA\  «M»sBa.  ^ve,  nlena  with 
72%  lead;  third  sieve,  TMLxei  gB\^iv«i,  w^^fe  wA>^^\^\Vs«i^TOs^fe^\i«J^ 
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ritli  52%  zinc;  fifth  sieve,  blende  with  46%  zinc;  sixth  ^ieve,  niixture  of  blende 
and  gangue;  tailings*,  g^ingue.  The  ore  was  found  to  contain  but  liHlc  pyriie 
Jul  tlie  jig  wa.s  found  to  have  too  many  i?ieves  and  the  above  was  abandoned  in 
iv(jr  of  a  four-sieve  jig,  which  yielded:  First  sieve,  galena;  second  sieve,  mixed 
ilpna,  pyrite  and  blonde;  third  sieve,  blende;  fourth  sieve,  mixed  blende  and 
ingue;  tailings,  gangiie. 

In  a  mill  designed  by  Fried.  Kmpp  Grin^onwerk  for  British  Columbia"^,  five- 
leve  jigjs  are  recommended,  yielding  products  as   follows:  First   sieve,   clean 
galena;  eeeond  sieve,  galena  and  pyrite;  third  sieve,  clean  pyrite;  fourth  sieve, 
oor  pyrite;  fifth  sieve,  clean  blende   (and  barite  if  present)  ;  tailings,  clean 
ingue* 

§  448.  Width  of  Jig  Sieves. — The  width  of  sieves  together  with  the  lengtli, 
_     n&ed  in  the  mills  is  given  in  Table  27 L     A  summary  of  these  dimensions 
with  averages,  is  given  in  Table  '^87.     The  summary  does  not  include  the  Col- 

TABLE  287. — SUMMABY  OF  LENGTHS  AND   WIBTHB  OF   JIG   SIEVES  IN   THE  MILLS 

EXCEPT   COLLOM    JI08. 


Maximum  iirtkin 

vi  Feed  Uhest  be- 

twmaa  llieae 


Number  of  Jigt 


Ijength. 


Maximuo.   Hititninm.     ATeragQ 


Width. 


Maximum  ^  Minimum,     Avenige. 


Ji^m 

which  the  mazlEnum  slae  fed  ti  Imowa. 

Mm, 

iDches. 

IlWSlMW. 

Inche*. 

Inches. 

Inehes. 

Inchao. 

U^ 

6 

4a 

98 

B5,0 

2i 

10. ri 

90.8 

»^16 

11 

4« 

«S 

95.0 

«4 

le 

l^A 

t        16-8 

38 

40 

94 

81.8 

94 

15 

la.a 

1         ^^ 

3H 

as.TS 

^ 

81.7 

94 

15 

18,8 

I          4^ 

85 

118.75 

29 

8S.0 

94 

14 

18.2 

1          ^1 

ja 

36 

82 

31.4 

84 

IS 

18.8 

1          '-' 

4 

32.5 

22 

SIM 

16 

.    lfi.5 

ia.8 

t  In  which  tho  maxinium  size  tod  i3  uDknowu,  bfiiafz  (isd  by  later  spigots  of  clos&UlerA.    The  stze  given  hi 

that  fed  to  tlie  cIoaHifli^r. 


r    iM 

8 

84.5 

84.5 

84.5 

99.5 

89.5 

89.5 

1        M 

4 

38 

81 

89.8 

94 

16 

17.8 

r      4-« 

88 

88.75 

m.& 

88.7 

94 

18 

17.8 

9-1 

19 

88 

99 

80.8 

94 

14 

17.4 

1^ 

t 

ao 

97 

98,5 

91.5 

16 

18.8 

lorn  jigs  which  are  nsed  in  the  Lake  Superior  and  some  of  the  Montana  mills, 
as  all  have  practically  the  same  dimensions  and,  therefore,  would  undoly  affect 
the  average?!  in  the  summary. 

As  is  shown  in  §  454,  the  wider  the  sieve  the  greater  its  capacity  and  it  would, 
tlierefore,  beeni  advit^able  to  make  all  jigs  as  wide  as  possible  as  long  as  no  diffi- 
cnllies  of  eon.stnirtion  in  consequence  are  encountered.  The  nummary,  however, 
fthows  that  there  is  a  regular  decrease  in  width  from  coarse  to  fine.  The  reason 
for  thi?  is  that  the  finer  the  grains  the  more  necessary  it  is  that  pul&ion  be  dis- 
tributed evenly  over  the  whole  width  of  the  sieve,  a  thing  which  offers  less  diffi- 
culty the  narrower  the  sieve.  It  is  true  that  this  difficulty  may  be  at  least 
partially  overcome  by  increasing  the  depth  of  the  longitudinal  partition,  but 
''lis  soon  reaches  a  limit,  owing  to  the  increased  height  of  the  jig  demanded. 
The  jigs  of  the  blende  mills  of  Southwest  Missouri  are  noteworthy  as  being 

'en  larger  than  any  shown  in  the  tables.     Among  them,  the  Henry  Faust  type 

jgi  sieves  30  inches  wide  and  42  inches  long,  while  the  Coolcy  type  has  sieves 
»  50  inches  wide  and  18  inches  long.     They  are  treating  coarse  matcTial  and  are 

ported  to  do  excellent  work,  which  is  obtained  by  very  deep  hutches  and  deep 

►ngitudinal  partitions. 
The  limit  of  width  given  by  Rittinger  is  18  inches  Ic^t  u  «v^^  ^^J^tvs^^  %^^ 

[eept  where  graded  partitions  are  used  below  t\\e  ave\^.    ^vlt&v^x^v  Xv«v\V%  ^^?s^ 
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widths  of  side  plunger  jigs  to  5dO  mm.  (22  inches),  for  coarse,  and  450  mt 
(18  im^hes).  for  fine  jigging. 

Although  it  is  true  that  an  average  of  all  the  jigs  in  the  mills  shoirs  a  de- 
crease in  width  from  coai«e  to  fine,  it  is  not  true  that  this  decrease  oocon  ii 
«ach  individual  mill.  In  some  it  does,  but  others  have  a  uniform  width  throqglh 
out,  while  still  others  are  irregular.  As  dtio?m  in  Table  288,  out  of  34  mills  tlinc 
are  14  mills  that  decrease,  but  there  are  20  mills  (of  which.  7  use  CoUom  jip), 
that  prefer  to  have  uniformity  throughout  the  mill. 

TABLE  288. — 8HOWIXO  THB  PRACTICB  IN  THB  MILLS  IN  RBQABD  TO  THB  TAIU- 
TIOX  OF  WIDTH  WITH  VARIATION  OF  8IZB  OF  GRAIN. 

r  te  oBMl CB awr «te»-1iais Na  •.  19k  IS.  17, Sltt,  SS.  «r,  81,  88, 8 1 ,  tt.  SS. 98-14 mSSk.  * 

WQth  t^rai^tem-Milli  So.  Ml  »(•),  14. 1S»  80. 86, 8^ 
«i«l  8Bk  S6-aP mibi. 

«i£k-lUli  Xa  St  81 ».  ST.  as,  88. 41, 87-S  miltaL 


^a)  These  are  Colloca  Jigs. 

§  449.  Length  of  Sieves. — ^In  regard  to  the  lengths  of  the  sieves  as  ffm 
in  the  summary  in  Table  287,  there  is  a  decrease  from  coarse  to  fine.  Thu  is 
not,  as  in  the  case  of  width,  due  to  difficulty  of  getting  even  distribution  of 

Elsion.     It  may  be  to  keep  the  proportion  of  length  to  width  constant,  and  to 
this  as  the  width  is  diminished  the  length  must  be  also. 

There  are  two  reasons  for  limiting  the  length  of  a  single  sieve,  that  is,  for 
nsittg  two  or  more  short  sieves  in  place  of  one  long  one,  which  are  of  as  mvA 
impwtance  for  coarse  as  for  fine  grains.  First,  the  change  in  the  whole  bed, 
due  to  the  separation  of  a  part  of  the  concentrates,  calls  for  changed  conditions 
of  pulsion,  suction  and  hydraulic  water.  This  is  done  by  ending  up  the  siere 
ana  passing  the  material  over  the  tail  board  to  a  new  sieve.  A  further  reason 
for  limit  of  length  is  in  the  crawling  forward  of  the  bottom  bed.  When  it  is 
of  medium  weight,  it  is  always  thinner  at  the  head  of  the  sieve  and  thicker  at 
the  tail,  tending  to  waste  ore  over  the  tail.  A  shorter  sieve  will  have  less  di£B- 
culty  in  tliis  way  than  a  longer  sieve.  A  series  of  sieves  will  give  a  chance  for 
collecting,  later,  the  ore  grains  which  chanced  to  go  over  the  tails  of  the  earli© 
sieves. 

The  effect  of  length  on  capacity  is  to  increase  it  within  certain  limits,  as  will 
be  discussed  later  under  that  head  (see  §454). 

The  practice  in  n^gard  to  variation  of  the  length  with  the  variation  of  siae  of 
grain  in  the  individual  mills,  is  shown  in  Table  289.  Thus,  from  Table  289, 
it  appears  that  in  forty-two  mills,  eighteen,  of  which  6  use  CoUom  jigs,  have 

TABLE  289. — SHOWING  THE  PRACTICE  IX  THE  MILLS  IN  REOABD  TO  THB  VARIA- 
TION OF  THE  LENGTH  WITH  THE  VARIATION  OP  SIZE  OP  GRAIN. 

LengUis  uniform  throuRhout-XiUa  No.  ft.  10«  14,  IS,  ?>.  29,  ».  as,  88.  40, 48(aX  44(aX  45(a),  4A{a^  47(a). 

^  48(a).  Si.  88-18  milto. 
Shorter  jlK8  used  on  finer  Btees-IIUls  No.  IS  (aV  15.  SS.  SS.  S8.  ST.  88, »,  84, 48.  »-ll  mfllB. 
ImsttlAT-Mills  No.  16, 17. 81. 88,  M.  80.  83.  S7. 88.  89,  41.  87,  88-18  Mills. 

(a)  TteM  are  mills  with  OoUom  Jigs. 

unifonn  length  for  all  their  sieves;  eleven,  of  which  1  uses  CoUom  jigs,  use 
shorter  sieves  for  fine  than  for  coarse  stuff;  and  thirteen  are  irregular  in  this 
matter. 

Rittinger  limits  the  length  of  jig  sieves  at  36  inches  for  coarse  stuff  and  24 
inches  for  fine.  Kunhardt  gives  900  mm.  (36  inches)  for  coarse  and  700  mm. 
(28  inches)  for  fine.  The  maximum  length  found  by  the  author  was  48  inches 
on  coarse  jigs. 

8  450.  Number  of  Strokes. — In  general,  the  greater  the  number  of  strokes^ 
'ater  will  be  the  cai^it^  of  the  jig,  but  a  certain  time  is  needed  for  de- 
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tht^  full  fffect  of  tlie  stroke,  iiiul  this  liniitt^  the  t^jRvd.  The  time 
Mi  is  le&ii  for  a  fhort  stroku  thnn  for  ;i  long  oih*  and,  coiist*<^uenlly,  thp  jigs 
short  ^troke^s  u>c  a  larger  nnjiiWr  of  t^trokes  per  minute.  Iti  fact  the  Hpeed 
be  said  to  depend  upon  tlie  lengtli  of  the  .4roke,  and  the  considerations 
I  affect  the  latter  indirectly  alTeet  the  former  For  a  further  analysis  of 
Iroke^  see  g  478. 

ifemng  to  Table  283,  practice  geems  to  divide  the  mills  into  three  groups. 
f  those  which  increase  the  ppeed  rate  from  the  coarse  jigs  toward  the  fine, 
tave  moderate  speed  throughout.  There  are  twenty-four  of  these,  include 
iiUs  9,  10,  15,  IG,  17,  24,  25,  27,  28,  30,  31,  33,  33,  34,  35,  38,  39, , 
],  43,  86^  87,  88  and  92.  Second,  those  which  increase  speed  toward  the  I 
igs,  but  use  high  speed  throughout;  there  are  three  mills  in  tliis  group  (20, 
id  29).  Third,  those  which  nsc  practically  a  uniform  speed  throughout; 
are  nine  mill*  in  this  group  (13,  14,  18,  21,  22,  44,  40,  47,  48),  It  will 
en  that  by  far  the  larger  number  of  mills  belong  to  the  first  class,  which 
B  with  European  practice,  as  shown  in  Table  291,  and  also  with  the  prin- 
\  laid  down  at  the  beginning  of  this  section.  Two  out  of  the  three  in  the 
d  class  use  lead  shot  on  the  sieves.  Five  out  of  the  nine  in  the  third  class 
k^Uom  jigs.  The  Anchor  mill  at  Park  City,  Utah,  formerly  used  400  pul- 
per  minute  of  g  inch  each  on  the  4-mesh  sand,  and  544  of  i  inch  each  on 
nest  sizes.  These  are  the  faintest  spec^ds  found  by  the  author, 
is  customary  to  decide  upon  the  speed  of  a  jig  when  tha  mill  is  designed, 
important,  therefore,  to  decide  upon  the  heH  rate  of  pnlshtions.  Table 
ives  a  summary  taken  from  Table  283,  showing  the  average  number  of  pul- 
ls per  minute  as  well  as  the  ranges  for  the  different  sizes  ranging  from 
S  to  fine  for  all  except  the  Collom  jig^.  The  averages  appear  to  the  author 
well  suited  for  adoption. 

)le  291  has  been  prepared  to  show  the  foreign  practice  as  recommended  by 
Hties  or  found  in  the  mills.  It  shows  that  in  the  majority  of  cases  the 
If©  below  the  average  rates  found  by  the  author,  especially  on  the  finer  jigs* 
J  speeds  used  in  the  Collom  jigs  are  given  in  Table  2f)2,  The  pulsions  of 
ollom  jig  are  slower  than  those  of  the  others,  because  the  mechanism  re- 
f  longer  time  to  get  through  its  cycle  of  action.  There  is  no  range  of 
I  in  the  individual  mills,  probably  because  there  is  not  sufficient  range  of 

\  290. SUMMARY  OF   THE  NUMBER   OF  STROKES   OF   JIGSS   FROM    TABLE   283, 

FOB  DIFFERENT  SIZES   OP   FEKD  ON   AI^L   EXCEPT   COLLOM   JIGS. 


MaxiTnum  grain 
offeudUeiibe- 

Number  of  Jlj^ 

Number  of  Strokes  per  Minute, 

Dlameten, 

Considered, 

Lowest, 

Hfgrhcst 

Arengt. 

JlRS  Id  whlclt  th«  mftximum  ilae  fed  is  tenowa. 

Urn. 

«4^ 

e                06 

175 

189 

ffi-M 

19                      100 

175 

m 

lfl-« 

S              1          BO 

2fi0 

144 

8-4 

10                     115 

96S 

178 

^       *-^ 

SI               m 

960 

885 

H  ^1 

U                     ISS 

400 

850 

■      ,^0 

8                      tlO 

,        884          1 

281 

Jlgn  Id  tvhtdi  tii«  m&zlmuin  slxe  fed  tm  uolcnovD,  heing  fe 

<1  by  Iftter 

Bplgota  of  cliwaJfl©ra.    The  size  given  to  tbut  fod  Uj  tlie  c 

loAiifler, 

15^ 

a 

lao 

160 

14T 

IM 

4 

lao 

«to 

m 

♦-« 

85 

]44» 

400 

SB7 

«-l 

1« 

HI 

&1B 

818 

1-fl 

9 

8SD 

401) 

m 
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sizes,  but  by  comparing  Mill  13  with  the  others  it  is  clear  that  the  Collom  jigs 
in  that  mill  must  be  run  slowly  because  they  treat  coarse  material. 

§461.  Length  of  Stroke,  ou  the  Amount  of  Throw. — The  throw  is  ad- 
justed according  to  some  arbitrary  rule  when  the  jigs  are  set  up.  The  man- 
ager varies  the  throw  from  time  to  time  until  the  jigs  are  doing  their  best  work. 

TABLE  291. — length  AND  NUMBER  OF  STROKES  USED  IN  FOREIGN  PRACTICE. 


Antliority. 


'>*  (ttgpumpe\ 


KiinhArdt"  • 


QommiuisiiT, , 


OUrkM    (Przibram.  i 

1880X \ 

Henry**  (Prxibram'J 

iwi).. 1 

BftDdolphM      (Claus-  j 


Siseof 
Grain 
Fed. 


Mm. 

e-2 
80-«) 
la^ 

fr-8 

•^ 

1-0.85 
45-80 
l»-8 

23-16 
9-6 
8-0 

17.88^.22 
1.0-0 


Number 
ofStrokes 

per 
Mmute 


80-190 
110-180 
110-130 

180 

150-180 

75 

186 
100-110 
110-iaO 
150-200 

140 
100-190 

120 

160 

200 
lOa-120 
190-180 


Leng^ 
of  stroke. 


Mm. 
88-80 

75 

60 

85 

80-19 
185 

7^ 
100-HO 
50-40 
15-10 

a5 

9.6-8 

52 

40 
6.6-1.4 

SO 

12 


.Authority. 


Vesin  (a)(Mecfaemlch)  ] 
Lidner**  (Sala) | 


B10meke*«(6)... 
BlSmeke"  (Lintorf) . .  -j 

Koch**     (Gottesgabej 
Mill) "j 

Koch**  (Hammer-^ 
wascheMill) ') 

Mouchet**     (Vaucronj 
MUl) 1 


Siseof 
Grain 
Fed. 


14 
1.86 

4 

16-11 

4^ 

80-86 

11-8 


6.6 

9.8-8 

1-0 


Numbfu* 
ofStrokea 


M£ut 


;te. 


80 
MO 

iro 

800 
160-800 
80 
106 
160 
66 


110 
180-800 
900-880 

150 

190 
860-400 


Length 
ofStraka 


6 


18S 

n 

9 
90 
80 

t 

BB 

*^ 

U 
6-10 


(a)  Private  communication.    (6)  Lohmannsfeld  milL 
TABLE  292. — NUMBER  OF  THROWS  ON  COLLOM  JIGS. 


MiUNo. 

Sise  of  Grains  Fed. 

Throws  per  Minute 

for  both  Coarse 

and  Fine. 

Coarsest  Jig. 

Finest  Jig. 

18 

Mm. 

19.1  to  18.7 

8  to  0  (l8t  spieot.) 

4.70  to  0  (1st  spigot.) 

Mm. 

6.86  too 

8  to  0  (last  spigot) 

1.17  to^ 

84 

146 

184  to  186 

85 

44,46,47,48.... 

It  is  not  usual  to  make  any  further  change  after  the  conditions  of  best  woik 
have  been  once  established,  unless  a  radical  change  is  made  in  the  work  of  the 

jig. 

Considerations  which  affect  the  amount  of  throw  are  as  follows: 

(1)  The  coarser  the  grains,  the  greater  must  be  the  throw,  because  coarse 
grains  settle  faster  than  fine  grains  and  require  a  higher  velocity  of  current  and 
a  greater  quantity  of  water  to  lift  them. 

(2)  The  heavi(T  the  grains,  the  greater  the  stroke  should  be  for  the  same 
reason  as  in  the  last  case. 

(3)  A  deeper  bottom  bed  or  higher  tail  board  on  the  jig  will  generally  call 
for  a  longer  stroke,  because  there  is  more  resistance  to  be  overcome. 

(4)  If  the  amount  of  clearance  space  around  the  plunger  is  large,  a  longer 
stroke  will  bo  needed  than  if  it  is  small,  to  make  up  for  the  leak. 

(5)  A  plunger  that  is  smaller  than  the  sieve  will  require  its  stroke  lengthened 
in  proportion  to  the  diminution ;  half  the  size  will  require  twice  the  stroke. 

(6)  If  there  is  any  constriction  in  the  water  passage  between  the  plunger  and 
the  sieve,  as  in  the  Collom  jig,  a  longer  stroke  will  be  required  to  overcome  the 
resistance. 

(7)  We  may  say  in  a  general  way  the  less  hydraulic  water  used,  the  longer 
must  be  the  stroke,  but  since  hydraulic  water  contributes  to  pidsion  and  snb- 
fracfs  from  suction,  while  increased  stroke  contributes  to  both  pulsion  and  j?uc- 

tion,  it  follows  that  incieaam^  \)[vfe\v>3fti«xsi\^  ^^t«r  is  not  equivalent  to  increas- 
ing the  stroke. 


JIQ3, 


(8)   Although  in  §  450,  it  ha?  been  deraonstrated  that  the  number  of  strokes 
pndi5  on  the  length  of  the  ^tr^bs  iiractieally  in  conrontrating,  \\w  number  of 
rokes  is  jieftled  in  the  design  of  thr  mill  and  the  nidi  man  suits  the  length  of 
>kc  to  the  work  he  ha^  to  do.     It  would  seem,  therefore,  that  the  two  are 
inter-dependent  one  on  the  otlier  within  certain  limits.     This  has  been  shown 

mathem»tieally    by    Rittinger,     who   has    derived    the    formula  — -^ — ==F 

60 

applying  to  a  setzpumpe  where  the  plunger  is  the  eame  size  as  the  sieve  and 
no  clearance.     In  this,  n  is  the  number  of  strokes  per  minute;  H  is  the 

_th  of  stroke  in  inches,  that  is,  twice  the  radius  of  the  plunger  arm;  and  V 

the  velocity  of  water  in  inches  per  second  reqiiired  to  hold  the  whole  bed  in 

jyension,  whatever  that  may  be,  but  is  a  eontstant  on  any  given  jig  fed  with  a 
iren  size  of  feed.  It  is  clear  from  the  equation  that  as  n  increases,  //  inust  de- 
crease>  and  vice  versay  in  order  to  give  the  constant  value  of  V  desired.  This 
formula  might  be  made  applicable  to  modern  jigs  by  introducing  an  individual 
COeffieient  for  every  jig,  which  should  correct  for  plunger  clearance  and  any  dif- 

ence  between  the  area  of  the  plunger  and  sieve. 
[§452,  It  is  agreed  by  all  that  the  mill  man  must  judge  of  the  condition  of 
jig  by  the  appearance  and  feeling  of  its  whole  bed,  and  must  vary  hydraulic 
iter  or  thn^w  of  the  plunger  or  some  other  adjustment,  until  he  gets  it  right. 
The  whole  bed  must  he  loose  and  soft  during  pulsion,  so  that  the  fingers  wnll 
settle  into  it  without  any  effort  a^*  into  quickf^and,  and  when  the  tips  of  the 
fingers  have  reached  the  sieve  a  decided  suction  will  he  felt  on  the  return  strokes. 
The  particles  in  the  top  layer  mnst  be  lifted  during  pulsion  and  yet  the  pulsion 
must  not  be  so  strong  as  to  cause  boiling  or  the  breaking  through  of  large  water 
currents?  in  spots,  nor  the  suction  so  strong  as  to  cause  hardened  banks  which 
ihe  pulsion  finds  difliculty  in  softening.  There  is  far  more  danger  of  these 
adverse  conditions  in  fine  jigging  t!ian  in  coarse.  Where  the  jig  is  run  with  a 
bottom  bed  which  is  put  on,  then  in  order  to  get  the  best  action  of  suction  the 
bottom  bed  should  be  lifted  during  pulsion. 

In  this  connection  it  may  be  said  in  the  word?  of  Mr,  Carkeek,  "If  the  corners 
and  edges  of  the  whole  bed  are  right,  the  middle  will  take  care  of  itself,*' 

The  amount  of  throw  in  the  mills  visited  Uy  the  author  is  given  in  Table 
283.  Foreign  practice  is  shown  in  Table  2i»L  To  help  the  mill  man  to  judge 
the  aaiount  of  throw  required  by  the  different  sizes  of  feed,  computations  have 

TABLE    293. — SUMMARY   OF   THE    LENGTH    OP    STROKE    OF    JIGS    COMPUTED    FROM 

TABLE    283. 


Qralo  of  Feed  Lies 
lietw«ea   tb«n 


Number  of 

«re<L  (Ifll 
sieve  only.) 


DiAineter  of  Mudiitum  Qraln 
in  Feed. 


Rjgfhest.    Lou'f^t. 


Averag*^. 


Length  of  Stroke  on  Firat 


Highest.    Lowest.   ATora^ 


Ratio  of  Arer- 

agp  Stroke  to 

Average  SlM 

of  Grain. 


Jigs  In  which  the  maximum  else  fed  ia  known. 


W        Urn. 

Mm, 

Mm, 

Mm. 

Mm. 

Mm. 

Mm. 

MtoSS 

5 

MO 

88.1 

41.67 

10L6 

884 

67.M 

1.83 

ntoiR 

n 

as.4 

IHO 

SI  .56 

89,1 

25-4 

49.ttS 

2.88 

16  to  8 

83 

Ifl.O 

«,3 

11-76 

m.H 

18.7 

86.48 

8.10 

K         8  Co    4 

m 

8.0 

4  4 

6. SI 

4J».4 

9.5 

23.47 

4.0B 

■         «to   3 

se 

1.0 

38  1 

8.08 

4K8 

1.50 

14.34 

4.78 

■         $t(i    1 

IS 

to 

i.aa 

1.71 

19-1 

8.97 

1«,37 

7.18 

Ito  n 

s 

0.M 

a.o4 

a-7» 

6,86 

8.OT 

4.Tfl 

8.G8 

Jia*  to  whleh  the  mazftnam  sise  fed  la  unknown,  tieftig  f«d  by  later  spigots  of  clossfllers.    The  sise  given  Is 

that  fed  to  the  classifier. 


_        S»t4>6 

S 

Jl.l 

U.l 

11.10 

38  1 

19.1 

87.51 

846 

■        8lo« 

8 

4.S 

4S 

4.50 

as. 4 

15.8 

80.12 

4  47 

■        4  to  8 

88 

4.00 

3.8 

8.91 

znA 

0.7^    I 

\QV^   \ 

%.«l 

■        ttol 

If 

8.00 

1  88 

1.89 

nrt 

\       *A7   \ 

.       1A\  \ 

^.^ 

■        ItoO 

1 

0,91 

o.e4 

0T7 

\        ^.8& 

\     v« 

\       \^  \ 
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been  made  showing  the  relation  of  the  throw  to  the  size  of  feed  as  found  in  the 
mills.     The  results  of  computations  are  given  in  Table  293.     In  preparing  this 

TABLE  294. — CAPACITY,  HYDRAULIC  WATER  AND  POWER  FOR  JIGS  IN  AXSRICAK 

HILLS. 


1 

§ 

1 

3 

15 

Size  of 
Feed. 

Capacity 
94  ^w^. 

HetArca 
of  each 
Stem 

C*pftClty 

per 

SquarcFloot 

^  Houft. 

HydrauHc 
Watef  per 
MHcmm 

Hyilfsulic 
Water  |»r 

Square 
Foot  pnr 

lffiiul«. 

m^at«r 

perTta« 
of  Ore. . 

Hone 

Ptmw 

Raqulrea 

s 

I 
1 

i 
I 

1 

4 
8 
6 
7 
1 
S 
8 
4 
G 
8 
1 
1 
8 
1 
S 
8 
4 

8 
1 
8 

1 

i 

a 

4 

fi 

0 

7 
S 
ft 

10 
11 

1 
1 
i 
8 
4 

1 
S 

3 

4 

7 

i 

s 

SI 

t 
ft 

4 
4 

4 
4 

4 
3 
3 
1 
4 
4 
4 

a 

8 
B 
3 
3 

a 

3 

1 
1 
3 
3 
|g 
4 
4 
4 
4 
4 
4 
4 
4 
1 
9 

« 

i 

2 
3 

a 

& 

8 
3 

3 

Mm. 
li.7-0 

•.5-0 
10^7 

fi-0 
B-0 

4,80-3.48 
a. 18-1 .83 

i.aa-u 
i.as-0 

0.64-0 

0.61-0 

6^> 

Tout, 
m)  100-190 

ft.ooo 

5.G» 
5.656 
3.648 

3.&ifl 
3.648 

8.4^ 
S.405 
3.403 
8.111 

^.mi 

E.S07 
8.507 

£.308 
4.031 
3.6G3 

3,637 
3.087 
3.77B 
a.TTS 
3.778 
3.333 
3.333 
S.3S8 
4.S80 
4.^0 
4.SO0 
a.TTS 
3-7TM 
a.TTfl 
3-778 

s.rra 

3.77S 
3^778 

a.rm 

8.778 
7.O0O 

G.m 

H.tftl 
3.1M 
6.104 

5.104 
6.IM 
6.1H 
6.1H 

G.104 

G.m 

E.194 

a.iw 

T^a. 

S.OQ-0.W 

S.61 

6.« 

QAllOllS. 

(a)  400.000 

Oalloos. 

15,» 

mi 

17 

ii.6is 

10.778 

io.7r» 

S3.54a 

40,00r> 

40.ooa 
as.ooo 

S0,0lJO 

8.111 

O.W 
0.S88 

i.m 

1.000 
1.007 

i.aot 

a.674 
1.840 
8.005 

"W 

"'i!&4"" 
0.06 
0.77 
0,77 
0.84 
000 

o.se 

0.4A 

0.53 

l.a 
1.38-1.76 
1,06-1.33 
l,0fM.10 
1,00-1, SO 
1.50-1.80 

4.S4 

4M 

1.00 

S.I4 
».14 

a.74 

0.74 
0.74 

0.74 
0.74 
0.74 
0.74 
0.74 
1,48 

1.0a 

M6 
0.77 
0.48 
1.08     ] 

1.64 
0.06     j 
0.58     { 
0.16     - 

0.S9    ^ 

0.16    - 
0.96    ^ 

10 

s 
e 
a 

8 
10 
6 
6 

1           15 

1&-20 

1!HB 

10-14 

10-lil 

10-12 

18 

18 

16& 

16 

16 

11^ 

10 

80 

8 
6 
SO 

16 

10 

6 

S-6 
8.4 

r»7B 

4.0 

n 

18.90 
18.« 
IS.ftI 
15.64 

f 

I 

1 1 

1** 

K 

£n,ooo 

10,600 

13,000 
73,000-100.000 
60,00O-7Bs0Q0 
50.0IXM»,OC» 
40,000-60,000 
80,000^*000 
S0,00O^IO,OUO 

1.5K 
0.688 
0.8*7 
4.595-6.107 
8.6?6-l.5gQ 
3.064-8,676 
fi.  778^3.472 
3.063^,472 
3JiS^.S6T 

10.4i 

S.76 
0,l« 

M.n 

16.0* 
16.fl» 

17.06 
15J6 

i8.tr 

m 

3-0 
3.7-3  6 
ajJ-2.1 
a,1-L5 
I.SG.fll 
0,111-0 

o.ei  0 
4o^a5 

25-1 « 
It«-1B 

(^4 
4-0 
4^ 
4-0 
a.S-0 

a. 5-0 

83.4-11,1 

4.76-0 
4.76-0 
4.76-0 
4.76-0 

4.76-0 
4.76-0 
4.76-0 
4.76-0 

1,73-0 
1.80^ 
1.17-0 

AJbMM 
*• 

H 

81 

** 

44 

.ji....... 

48 

(f)3a.ooo 
asr.000 

{f)i3,5aB 
38.530 

16,68; 

U)  16,l«l 

15.191 

(eH5,096 
10,681 
7J» 

(.,«^ 

&J04 

(e)  11,790 

10,444 

7,606 

if)   8,680 
0,ffll 
6.800 

4.279 

tc)3J47 

8.147 

H8,sn 

(e)S.a61 
8.081 

(e>S.Ol0 
1.409 
0.091 

(«) 1.780 
1.510 
0.776 

(e\  1 .576 
1,395 

i.oas 

(c)  1.154 
l.»46 
Q.B4S 

j  it.n 
^  H.0a 

-  6t.M 

^  «.a8 

......... 

.......... 

.  (a)  These  are  for  10  hours  instead  of  94.  (6)  The  other  jiff  of  thin  mill  also  uses  6  horse  power.  (OTIietirei 
JIfiV  or  Mill  16  u-ie  U  horae  power  each,  (d)  AU  the  jip  of  this  mill  use  1  horse  power  each,  (s) Id  IMi  afll 
the  quanfities  are  fB^en  tor  the  separate  «iftvea  of  each  Jiff 

taWe  from  Table  283,  oivX'j  \)[v^  ^t«X.  ^v^n^^^  q\  'Cwi  \\^nr^^  ^\SLiaidered,  and  such 
jigs  as  had  the  area  oi  l\ve  ip\\mg^T  m\i^V^'^^^^'v^^^^^^^'^^«ft^^>^^\'^^^ 
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The  first  column  s^imply  serves  to  throw  the  jig?  into  classes.  The  second 
3lumn  states  the  number  of  sieves  that  were  considered  Ln  each  class.  The 
^ird,  fourth  and  fifth  columns  give  respectively  the  highest,  the  lowest  and  the 
iverag^  maximum  grain  fed  to  any  of  those  jigg.  The  sixth,  seveoth  and  eighth 
columns  give  respectively  the  highest,  the  lowest  and  the  average  length  of  stroke 

TABLB   295. — CAPACITT,   HYDRAULIC    WATER   AND   POWER  FOR   JIGS,   AS   OBTAINED 

FROM  VARIOUS  AUTHORITIES. 


p 

Minor  Authority 

Feed. 

Capacitv 
per  84' 
Hours. 

Net 

Area 
of  Each 
Sieve. 

Capacity 

per  Square 
Foot  per 
94  Hourg. 

Hvtirarillc 
^  ftter  per 
84tiours. 

HydrauUc 

WaturptT 

Square* 

Minute. 

Water 

Us^d 
per  Ton 
•>f  Ore. 
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I  In  thifl  jig,  being  9.08.  8.06, 


►n  the  jigs  of  each  class.     The  ninth  gives  the  ratio  of  the  average  throw  to  the 
verage  diameter.     In  the  upper  part  of  the  tahle,  the  last  column  i^hows  that  for 
:u*  largest  seizes  the  throw  can  be  only  a  little  more  (l.G  tvme'&\  VWcv  vjws:  ^\^iKMe 
of  the  g^rnin,  but  ilmt  fur  the  fine  sizes  li\\a¥'  \^V^  vtvu^Xx  \^x^^:^  Vs5^^^ '^^^'^^^^^-^^ 
intermediate  sizes  are  graded  Irom  the  femaWei  Vo^v^t^  "^W  X'?^^:^^^^-   ^^^^^^ 
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lower  part  of  the  table  shows  the  same  things  but  the  ratios  are  of  less  weight 
since  the  jigs  considered  are  those  treating  later  spigots  of  the  classifier,  and 
the  ratios  arc  based  on  the  maximum  sizes  fed  to  the  classifier  and  not  on  those 
fed  to  the  jigs. 

Foreign  practice  regarding  the  length  of  stroke,  as  shown  in  Table  291, 
appears  in  every  case  to  fall  within  the  ranges  given  hj  the  author  for  American 
mills.    The  averages  seem,  however,  to  be  a  little  higher,  especially  on  ootne 

In  regard  to  the  amount  of  throw  used  on  the  several  sieves  of  a  multi-siefe 
jig,  the  majority  of  the  mills  gradually  diminish  the  throw  on  the  later  sieves, 
owing  to  the  lighter  bottom  bed.  For  these  amounts  the  reader  is  referred  to 
Table  283. 

The  smallest  throw  recorded  by  the  author  is  ^  inch  on  the  last  two  sieves  of 
the  No.  5  jig  in  Mill  29.  It  should  be  noted  that  this  mill  has  a  very  small 
stroke  throughout  and  the  number  of  strokes  is  among  the  highest. 

One  would  naturally  expect  that  the  amoimt  of  throw  on  the  Collom  jigs 
would  be  large,  owing  to  the  small  size  of  the  plunger  as  compared  to  the  sieve 
and  to  the  constriction  in  the  passage  between  them.  The  table  shows  this  not 
to  be  true,  however,  as  these  three  factors  appear  to  be  oflEset  by  the  low  heij^t 
of  the  tailboard  and  the  high  velocity  of  the  stroke,  and  in  some  cases  by  the 
laraer  quantity  of  hydraulic  water,  so  that  their  throw  is  not  above  the  average 

§463.  Hydraulic  Water  Quantity. — In  general,  jigs  treating  coarse  staff 
require  more  water  than  those  treating  fine  stuff,  because  larger  grains  s^tle 
faster  and  because  water  can  pass  up  in  a  small  number  of  large  interstices 
with  much  less  friction  than  in  a  large  number  of  small  interstices,  even  tfaourii 
the  total  sectional  area  may  be  the  same  in  both  cases,  and  because  larger  dis- 
charge orifices  are  required  above  and  below. 

The  variation  in  the  quantity  of  hydraulic  water  is  more  used  for  regulating 
the  jigging  work  from  hour  to  hour  than  any  of  the  other  three  frequently  usea 
adjustments,  viz.:  rate  of  concentrates  discharge,  thickness  of  bottom  bed  and 
in  some  cases  the  rate  of  feed. 

Some  of  the  considerations  which  affect  the  work  are  as  follows:  Increase 
of  water  decreases  suction  and  lessens  the  hutch  product ;  decrease  of  water  in- 
creases suction  and  with  it  the  amount  of  hutch  product.  Again,  increase  of 
water  increases  pulsion,  while  decrease  diminishes  it.  When  sized  products 
are  jigged,  the  less  the  suction  the  bettor ;  hence  a  larger  quantity  of  hydraulic 
water,  if  it  can  be  afforded,  will  make  the  jig  work  quicker  and  better.  When 
sorted  products  are  jigged,  much  suction  is  desirable;  hence,  hydraulic  water 
will  naturally  be  diminished.  When  first  spigot  products  or  natural  products 
containing  mixed  sizes  and  gravities  are  jigged,  a  conflict  of  interests  occurs. 
The  presence  of  large  grains  of  heavy  mineral  makes  for  little  suction  and  much 
hydraulic  water,  while  the  presence  of  fine  ore  makes  for  much  suction  to  draw 
it  down  into  the  hutch.  A  usual  compromise  seems  to  be  to  use  rather  a  large 
throw  to  the  plunger  to  got  the  suction,  and  rather  a  large  quantity  of  hydraulic 
water  to  soften  up  the  whole  bed  and  favor  the  settling  of  the  large  grains.  In 
other  words,  to  pay  more  attention  to  the  fines  than  to  the  coarse  because  of  the 
two  the  coarse  grains  can  best  take  care  of  themselves.  Probably  the  best  plan 
of  all  is  to  use  a  sieve  and  added  bottom  bed  so  coarse  that  the  whole  concen- 
trates shall  go  into  the  hutch  and  then  run  the  jig  with  diminished  hydraulic 
water  and  strong  suction. 

In  regard  to  the  water  quantities  to  be  used,  exact  rules  cannot  be  given,  be- 
cause the  quantity  of  water  will  dopond  upon  tho  area  of  the  sieve,  the  number 
of  sieves,  the  quantity  and  quality  of  the  ore  fed,  tho  number  and  length  of  the 
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strokes  and  the  height  of  the  tailboard.  The  fmal  regulation  must  be  according 
to  the  appearance  and  feeling  of  the  whole  bed  as  previously  described  under 
kn^h  of  stroke.  However,  to  give  a  general  idea,  the  quantities  used  by  some 
of  ilie  jigs  in  the  mills  are  shown  in  Table  294,  and  data  from  the  literature  in 
Table  295,  and  to  better  serve  for  comparison,  the  amounts  have  been  reduced 
to  gallons  per  minute  per  square  foot  of  sieve  area,  and  to  tons  of  water  per 
ton  of  ore.  The  following  facts  from  the  table  on  American  mills  are  note- 
worthy : 

The  amount  used  varies  from  10,600  gallons  per  24  hours  on  a  three-sieve 
jig  of  Mill  25  to  400,000  gallons  in  10  houry.  on  the  five-sieve  jig  of  Mill  10. . 
The  average  of  all  is  about  65,000  gallons  per  jig  per  24  hours.     The  average  of  ' 
all  except  Mill  10  is  about  34,000  gallons  in  24  hours. 

The  amount  per  square  foot  of  sieve  area  varies  from  0.528  gallon  per  minute 
in  Mill  17  to  22.22  gallons  in  Mill  10.  The  average  of  all  is  3.635  gallons. 
The  hydraulic  water  used  per  ton  of  ore  varies  from  8,76  tons  in  Mill  25  to 
54-98  tons  in  Mill  48.  The  average  of  all  is  19,85  tons.  Considering  the 
water  per  square  foot  of  sieve  area,  the  Missouri  blende  jig  (Mill  10)  appears 
as  it  it  were  extraordinarily  lavish  in  w^ater,  while  the  Lake  Superior  finishing 
jigs  (Mill  48)  appear  as  if  they  were  economical;  but  if  the  quantity  of  ore 
treated  is  taken  into  account,  the  former  is  shown  to  be  economical  on  account 
of  its  high  capacity,  while  the  latter  are  the  most  lavish  of  all,  owing  to  their 
low  capacity* 

Table  295,  obtained  from  variouft  authorities,  most  of  whom  represent  foreign 
practice,  shows  figures  which  come  well  within  the  ranges  given  by  the  author 
for  American  mills*  The  average  of  water  used  per  ton  of  ore  appears  to  be 
somewhat  lower. 

It  would  seem  best  to  use  as  clear  water  as  possible.  Thus,  Mill  28  has 
found  that  at  times,  without  any  apparent  cause,  on  the  fine  jigs,  the  whole  beds 
become  as  hard  as  boards,  and  of  course  the  cnide  ore  coming  on  passes  over 
into  the  tailings.  To  remedy  this,  they  have  sometimes,  if  the  water  that  was 
fed  to  the  jigs  was  at  all  slimy,  introduced  clear  water  instead  of  the  slimy 
water,  the  latter  being  removed  by  unwaterers. 

For  economy  of  water.  Mill  22  uses  the  overflow  of  the  box  classifier  as 
hydraulic  water  for  the  No.  2  jigs. 

§454.  Capacity  of  Jigs. — By  this  is  meant  the  quantity  of  crude  ore  that 
be  handled  in  a  given  time.  It  is  influenced  by  a  number  of  considera- 
tions which  will  now  be  taken  up.  The  width  of  the  sieve  seems  to  be  one  of 
the  most  important  of  these.  Other  things  being  the  same,  the  capacity  is 
nearly  in  proportion  to  the  width  :  a  jig  with  double  the  width  would  have  double 
the  capacity.  This  is  not  quite  true,  since  all  jigs  have  a  strip  of  about  1  inch 
width  on  each  side  where  poorer  work  is  done  and  this  counts  more  against 
capacity  on  a  narrow  sieve  than  on  a  wide  one* 

The  capacity  increases  as  the  length  increases,  but  not  nearly  in  proportion 
hereto,  and  if  longer  and  longer  sieves  w^ere  tried  a  length  would  soon  be  reached 
rhere  further  addition  would  gain  nothing.  The  length  of  a  sieve  affects  the 
ipacits*  in  this  Tvay:  The  act  of  jigging  removes  the  mineral  grains  from  the 
Dp  layer  and  deposits  them  in  the  bottom  bed  of  heavy  concentrates.  The 
nncentrates  are  removed  by  automatic  discharge  or  by  passing  into  the  hutch, 
^tie  rate  of  settling  of  the  mineral  grains  varies  from  the  heav>%  compact,  pure^ 
abical  grain,  which  settles  from  the  top  layer  almost  immediately,  requiring 
pfhapR  only  five  or  ten  pulsions  and  suctions*  to  the  flat  scales  and  the  included 

lins  which  settle  slowly,  requiring  a  large  number  of  strokes,     li  t<^VUv«<s, \kc^V 
be  longer  the  sieve  thr  wore  of  these  grains  w\\\  \i^  cblxj^^V,  \smV^  «^  ^Csve.  ^^^2?t 
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hand,  each  additional  inch  of  length  catches  lesi  than  the  preriotB  one,  whik 
it  calls  for  its  full  quantity  of  hydraulic  water.  To  partiallj  orerccme  this 
difficulty  is  one  of  the  reasons  for  using  a  series  of  sieves^  inffi!p«d  of  one  viq^ 
long  one,  for  where  a  series  of  sieves  is  used  the  hydraulic  water,  anMNmt  of 
throw,  depth  of  the  bottom  bod  and  other  adjustments  can  be  Taried  to  fuit  the 
conditions  in  that  stage  of  the  separation.  As  a  rule,  the  second  sieve  leeehti 
leas  hydraulic  water  and  less  pulsion  and  depends  more  on  snction,  the  third 
more  still,  and  ho  on.  In  this  way  the  series  of  sieves  give  a  series  of  piodiids 
graded  in  quality  from  rich  to  poor. 

If  a  jig  is  overdriven,  the  head  end  simply  becomes  solidified  bj  ihe  gniDS 
which  (^mv.  faster  than  the  jig  can  assimilate  them,  and  the  whcde  of  the 
hydraulic  water  has  to  come  up  near  the  tail  end,  causing  violent  boilinup  and 
ruining  the  work  of  the  jig.  Great  length  of  sieve  aggravates  this  Gon£ti<HL 
With  ooarse  work  this  fast  feeding  may  become  allowable  by  using  longer  aboke 
of  the  plungf^r  and  more  hydraulic  water,  but  little  can  be  done  in  the  way  of 
increasmg  capacity  on  the  fine  iigs,  because  the  longer  stroke  ia  not  allowable, 
neither  is  greatly  increased  hy(lraulic  water. 

The  an'U  of  the  sieve  surface  is  an  important  factor  in  the  capacity  of  jigs^ 
aa,  within  certain  limits,  the  length  and  width  are  probably  to  some  eztait 
interchangeable,  that  is  to  say,  the  capacity  is  proportional  to  the  area,  and  it 
it  not  improbable  that  a  sieve  24X24  inches  (576  square  inches),  would  give  as 
good  or  better  results  than  a  sieve  19.2X30  inches  (576  square  inches),  on  the 
same  quantitv  of  ore,  owing  to  the  more  deliberate  rate  of  working  and  tiie  moxe 
even  bottom  bed  due  to  the  shorter  sieve.  The  manufacturer,  however,  if  making 
a  sieve  24  iiH^hes  wide  would  probably  make  it  40  inches  long,  more  or  less,  and 
thus  gain  the  capacity  due  to  length  and  area.  This  is  probably  because  it  ooets 
more  to  make  a  wide  jig  than  a  long  one  and  a  wide  jig  necessitates  a  taller 
rtnicturo. 

The  quality  of  the  pcpnrntion  nfTccts  the  capacity;  that  is  to  say,  a  jig,  to  do 
good  work,  ennnot  be  hard  driven,  but  must  be  run  moderately,  because  the 
partieloK  must  Ih>  separated  more  perfectly  and  require  more  time.  The  slow 
driven  jig  may  use  higher  quantity  of  water  per  ton  of  ore  treated,  but  does  not 
always  do  so. 

The  sixo  of  the  grains  affects  capacity  as  follows:  Jigs  working  upon  coarser 
grains  have  higher  capacity  than  those  working  on  finer.  This  is  because  of 
the  longer  plunger  movement  that  can  be  used  on  coarse  jigs,  which  causes  a 
{uirtide  to  settle  farther  in  a  stroke,  and  bi^ause  of  the  lesser  number  of  grains 
to  Iw  separated  in  a  vertical  column.  For  example,  when  jigging  J-inch  grains 
with  a  tailluvml  I  inches  high,  the  whole  bed  is  only  16  grains  high,  and  if  the 
Imttom  IhmI  of  coarse  eon(M>nt rates  is  half  of  that,  a  grain  of  mineral  has  to  settle 
only  a  distance  tM|\ml  to  eight  of  its  diameters  in  order  to  find  itself  among  the 
iHuuvnt rates.  If,  however,  tlie  trrains  ari^  ^,^  inch  in  diameter,  the  whole  bed 
will  Ih»  80  grains  high  and  the  heavy  grain  has  to  pass  below  forty  other  grains 
Iwfort^  it  tinds  itself  among  the  concentrates.  The  amount  of  plunger  throw, 
and  the  nundnT  of  them  cannot  bt^  increased  sufficiently  to  bring  the  speed  of 
wparation  of  the  fine  grain  up  to  that  of  the  coarse. 

§  ir>5.  Boils  and  hanl  banks  are  very  tnniblesome  conditions  which  occur 
only  on  very  fine  jigs  and  limit  their  capacity.  The  hard  bank  forms  from  the 
suction  which  felts  the  particles  tog^^ther:  the  boils  are  little  craters  or  holes  in 
the  Iwnk,  whiili  give  vent  to  the  upward  current  due  to  pulsion*  so  violently  m 
spots  that  the  nrinciules  of  gix>d  jigging  are  seriously  interfered  with.  The 
mill  man  finds  himstMf  |HTplexf*«l  and  obli*r*^  to  select  a  mean  course  between 
tho  various  evils.  .V  thiik  Imttom  KmI  of  eojirse  conrentrates  and  a  thin  top 
most  favoTuWe  vH>tvA\V\OTv^  lv^t  wv^vluv^  the  hard  bank  and  boils.    It 
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nil  be  necessary  to  look  carefully,  however,  that  tlio  bottoni  bed  does  not  riui 
wa&te  over  the  tailboard.  If  strong  suction  is  used  to  draw  down  the  values, 
Sie  hard  bank  is  thereby  made  a  maxLmum;  mild  suction  must,  therefore,  be 
ascd.  If  much  plunger  throw  is  u^ed,  the  boils  are  increased ;  little  throw  must, 
Iherefure,  be  used*  If  a  moderate  number  of  strokes  is  used  with  little  throw, 
le  rate  of  jigging  is  very  small ;  the  mill  man  therefore,  will  increase  the  num- 
er.  A  high  number  of  strokes  must,  therefore,  be  used,  in  order  to  get  more 
rork  done. 

The  per  cent,  of  concentrates  in  the  ore  affects  the  capacity  of  a  jig,  the 

bgher  the  per  cent,  the  less  the  capacity.     Thie  is  because  when  the  concentrates 

':>rm  a  large  proportion  of  the  jig  stuff,  it  is  impossible  to  get  them  away  fast 

nough  for  high  capacity,  even  though  they  are  removed  as  fast  as  possible  by 

otb  hutch  and  automatic  discharge,  and  also  because  the  larger  proportion  of 

Dncentrates  forms  a  heavier  whole  bed  from  which  it  is  more  difficult  to  lift 

"out  the  gangue. 

It  may  be  further  said  that  the  method  by  which  tlie  concentrates  are  removed 
will  affect  the  capacity.  Skimming  givct^  the  least ;  automatic  discharge  alone 
is  second;  the  hutch  only  is  probably  third  and  the  automatic  discharge  and 
hutch  is  probably  most  rapid.  Varying  conditions,  however,  may  cause  some 
change  in  this  order. 

The  capacity  is  influenced  by  the  ease  of  separation.     Where  two  minerals  to 

be  separated  are  of  widely  different  specific  gravity,  they  separate  rapidly  upon 

the  sieve  and  make  high  capacity  possible.     Where  the  minerals  are  in  coarse 

Is  and  break  clean  and  free  without  included  grains,  even  though  their 

Ic  gravities  are  not  far  apart,  high  capacity  is  attainable.     The  treatment 

get  as  easy  a  separation  as  possible,  will  vary  with  the  kind  of  product  to  be 

ligged.     If  a  sized  product  is  jigged  with  a  large  quantity  of  water,  so  as  to 

ave  little  suction,  the  separation  takes  place  at  an  extraordinary  speed.     If  a 

Dried  product  is  treated  with  a  coarse  sieve,  a  coarse,  thick  bottom  bed,  a  thin 

Op  layer,  and  little  water,  making  much  snction,  the  treatment  will  be  rapid 

ren  with  moderately  fine  jig  stun.     The  finer  the  bottom  bed  and  the  finer 

be  sieve,  the  slower  will  the  treatment  be.     Where  the  jig  stuff  is  fine,  a  thick 

op  layer  particularly  makes  slow  jigging.     In  jigging  the  product  of  the  first 

:>igot  of  a  claE^siiier  or  a  natural  product,  the  method  to  be  pursued  to  get  the 

st  capacity  has  already  been  indicated  in  §  453  under  liydraulic  water. 

The  height  of  the  tailboard  affects  the  capacity  by  making  it  greater  as  the 

i*ight  is  diminished,  but  a  tailboard  of  moderate  height  must  be  used  for  good 

3rk. 

Irregularity  of  feed  is  a  great  source  of  loss  of  capacity.  Over  feeding  spoils 
the  work;  under  feeding  wastes  time.  The  feed  of  jigs  should  be,  therefore, 
regulated  to  make  it  as  even  as  possible. 

It  is  impossible  to  give  exact  capacity  of  sieves  for  jigging;  there  are  so  many 
ways  of  increasing  capacity,  some  of  which  are  employed  here  and  others  there ; 
"Ticre  are  m  many  grades  of  difficulty  in  the  problem,  some  very  ea^y,  others  very 
lifficult  of  solutirm ;  and  there  are  so  many  grades  of  good  and  bad  work,  one 
~  which  is  called  standard  in  one  place,  another  in  another  place.  The  results  i 
Is  far  as  obtained  in  the  mills  are  given  in  Table  294.  The  fifth  column  gives 
the  total  capacity  of  the  whole  jig,  which  ranges  from  120  tons  in  10  hours  in 
"lill  10  to  2*2  tons  in  24  hours  in  Mill  48.  The  decrea.^e  from  coarse  jigging  to 
liie  jie^Tig  is  well  shown  in  Mills  21,  44  and  18.  Since  some  jigs  have  large 
JT  T     Tilers  small.  coUnnn  No.  7  has  been  computed  in  order  to  get  a 

'  and  gives  the  rapacity  per  square  foivi  <:\1  -^Wn^;  -^^  *t\.\\ts^w^ 
ojr^  Urn  rn  Mill   \^  to  ^m  \i\\\%  \\\  WAX  Va,  nh\<\V^  s\w  \^v^v 


'  thvm  Bi 


n  0.50  and  *:?.00  lon?^.     T\\e  Ai\tee  c/a\\acAW  e»l  ^V\\\  \^  '^'s*  ^^a 
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first  to  the  fact  that  although  the  gravities  of  the  q>halerite  and  gangue  are 
near  one  anotiher,  the  crystallization  is  coarse,  breaking  easily  to  free  sphalerite 
and  gangue  with  little  included  grains,  which  can  be  jigged  in  coarse  sues;  sec- 
ond, to  uie  coarse  sieve  that  is  used,  making  a  very  free  working  open  bottom 
bed;  and  third,  to  the  large  sieve  area.  No  scheme  of  saving  the  finest  slime 
ore  has  yet  been  adopted. 

The  small  capacity  of  the  finishing  jigs  of  Mill  48  is  due  to  the  fact  that  they 
are  jigging  fine  stuff  with  heavy  gangue  and  are  coaxing  out  the  last  of  the  light, 
flaln^irizzly  leaf  copper.  None  but  the  most  careful  and  deliberate  treatment 
ooula  succeed  here;  it  is  probably  the  most  difficult  product  for  jigging  that  is 
to  be  found. 

To  illustrate  the  veir  high  capacity  of  the  class  of  jigs  to  which  those  of 
Mills  9  and  10  belong.  Table  296  is  given  as  the  average  work  of  a  six-compart- 
ment No.  1,  or  roughing  jig,  with  sieves  30X42  inches,  when  treating  the  under- 
size  of  a  9-mm.  screen.  This  table  is  furnished  by  Mr.  E.  J.  Tutty  and  Mr. 
Heniy  Faust  (private  communication).     For  the  No.  2,  or  finishing  jig,  with 

TABLE  296. — CAPACITY  OF  BLENDE  JIGS  OF  SOUTHWEST  MISSOUBI. 


Amount  of  Zinc 
In  the  Ore. 

Capacity  of  Jig 
per  10  Hours. 

Amount  of  Zinc 
in  the  Ore. 

^Wfi^ii* 

'5 

10 

Tons. 
160 
196 

80 

Tona. 

100 
SO  to  00 

six  compartments,  each  24X42  inches,  the  average  capacity  is  50  tons  in  10 
hours,  of  which  as  much  as  25  tons  may  be  turned  out  as  clean  concentrates. 
Working  at  the  above  capacities,  the  tailings  should  be  free  from  mineral  and 
the  loss  in  slimes  should  be  small. 

Table  295  sums  up  notes  and  opinions  of  authorities  upon  foreign  practice. 
Unfortunately,  the  data  are  not  complete  and  comparisons  cannot  be  readily 
made,  but  in  general,  it  corresponds  to  the  facts  found  by  the  author  in  ionerican 
mills. 

§456.  Power  Used  in  Jigging. — This  may  be  divided  into  and  discussed 
under  the  following  heads: 

Work  of  Lifting  Sand. — During  pulsion  the  whole  bed,  including  the  bot- 
tom bed  and  the  top  layer,  are  opened  up  and  held  in  suspension,  m&ng  large 
interstices  through  which  the  upward  moving  water  passes.  The  lowest  grains 
may  not  be  lifted  at  all;  the  top  grains  are  lifted  tne  most;  others  are  lifted 
according  to  their  position,  more  toward  the  top,  less  toward  the  bottom.  A 
rough  computation  of  this  work  may  be  made  by  estimating  the  distance  the 
water  moves  up  and  the  weight  of  sand  held  in  suspension,  and  we  have  weigjit 
multiplied  by  distance  equals  work. 

Work  of  Drawing  the  Returning  Water  Down  through  the  interstices  in  the 
whole  bed  and  the  sieve  cloth  is  a  case  of  friction  of  water  flowing  through 
small,  irregular  and  crooked  pipes.  If  the  top  layer  and  bottom  bed  were  of 
one  size,  this  might  be  approximately  computed,  but  where  these  vary,  the  value 
can  only  be  obtained  by  some  empirical  method.  It  should  be  said,  however, 
that  during  the  earlier  part  of  the  return  stroke,  the  work  is  little  or  even  zero, 
and  it  increases  till  it  becomes  probably  one  of  the  greatest  elements  in  the  total 
consumption  of  power  by  the  jig. 

ITie  Friction  on  the  Jig  Walls  and  Sieve  Cloth,  Due  to  Moving  {he  Largi 

Mass  of  Water. — ^The  \at^  orca  ol  %wiWwv  w^ft.  \\va  daw  sneed  of  the  water  mike 

this  a  small  quantitv.    The  smaW^^  mwewv^V  mHJcL^ki^cK^  ^^j«^      MiU  29, 

18  400  pulsions  of  6.0156  mc\v.    TVve  V^VA  ^xi\ssv^^  w^  ^Ws^^wa^,  ^  --- 
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iiinl  sTictions  V2\  inches  per  minute.  The  greatest  Biovenicnt  with  modoratcly 
Jow  speedy  in  Mill  39,  is  14U  strokes  per  minute  of  4  inches  each,  wiiieli  gives 
'BO  inches  for  pulsion  and  \,ViO  inches,  or  93  feet  per  minute  for  pulsion  and 
action  together.  This  particular  Jig,  however,  gives  a  much  larger  figure  than 
ay  other.  As  the  paesage  is  crooked  and  its  shape  irregular,  this  friction  prob- 
jly  cannot  be  computed.  These  figures  ako  show  why  a  coarse  jig  uses  more 
&wer  than  a  fine  one. 

The  Oscillniory  Jr^ion,— There  is  in  a  plunger  jig  a  definite  oscillation  of 
lie  water,  consii^ting  of  a  downward  movement  on  the  plunger  side,  with  an 
pward  on  the  sieve  side,  followed  by  the  return  or  upward  on  the  plunger  and 
own  ward  on  the  sieve  side.  This  oscillation  has  a  definite  period  of  time  for 
it  to  take  place,  due  to  gravity,  and  if  the  plunger  were  so  speeded  a^  to  confomi 
this  time,  the  foru*ard  work  would  be  nearly  restored  by  the  return  work. 
practically,  the  rate  of  oscillations  is  much  greater  than  that  of  gravity,  and 
lie  machine  works  out  of  harmony  with  this  vibration  and  its  work  is  increased 
in  eon§equence.  No  value  exists  of  this  work,  but  it  is  probably  not  large. 
Inertm  of  Starting. — A  certain  amount  of  work  is  used  in  accelerating  the 
Blocity  of  the  great  mass  of  water  from  the  dead  point  of  the  eccentric  to  half 
stroke.  The  power  so  used  is  given  back  to  the  pij^ton  during  the  retardation 
in  the  remaining  half  stroke,  leaving  probably  a  bahince  of  no  work  performed. 
Friction  of  the  Piston  on  the  Water. — A  certain  amount  of  work  is  expended 
in  overcoming  this.  It  incn^ases  as  the  clearance  decreases.  If  the  hydraulic 
water  i^  fed  in  above  the  plunger,  this  friction  w*ill  be  greater  upon  the  up 
Btroke  than  upon  the  down  stroke. 

Mechanical  Friction  of  the  shaft  in  its  boxes,  of  the  cccentrica  and  of  the  belt, 
will  be,  under  best  conditions,  a  certain  percentage  of  the  whole  power  expended. 
This  analysis  of  the  power  used  in  jigging  is  practically  unexplored  ground 
ad  no  figures  exist  to  give  values  to  the  different  contribnting  parts.     Lump 
jnres  are  given  as  obtained  from  the  mills,  in  Tables  294  and  295.     These, 
with  the  exception  of  the  great  jig  in  Mill  lU,  w^hich  uses  5  horse  power,  all  lie 
'  etweon  J  and  2  horse  power.     The  figures  given  fur  Wi]\  21  and  from  Gates 
Itoilogue  both  show  that  coarser  jigs  require  more  power  than  finer,  owing  to 
be  greater  distance  traveled  by  the  piston  per  minute. 
Ilaliormann*\  gives  results  of  a  dynamtjmeter  test  of  the  power  consumed  by 
at  Przibram,  as  shown  in  Table  297.     Ellis  Clark,  Jr.^',  states  that  accord- 
jig  to  a  dynamometer  test,  a  two-sieve  jig  at  Przibram  in  1881,  jigging  28-mm. 
rains,  with  4-mni.  sieve  holes,  with  sieves  1.26  m.  long  by  0.65  m.  wide,  and 
pth  140  strokes  per  minute  nf  65  mm.  each,  consumed  2.437  horse  power. 

TABLE  297. — FOWKR  FOB  JIGS  AT  PHZIBRAM  IN   1879. 


Numlier  of 
Sievt^. 

SiM  of  sieve. 

No.  of  Tbrowi 
per  MJuule. 

Amount  of 
Throw. 

Horse  Pownr 
Required. 

4 

n 

L1X3J 

000 
160 

Mm. 

etoe 

18 

2M 

Chalmers  use  in  eomputing  new  work   (private  communication) : 
e  jig,  1|  horse  power;  for  a  S-sieve  jig^  2  horse  power;  fur  a  3-sieve 
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jig,  2|  horse  power;  for  a  4-sieve  jig,  3  horse  power;  and  they  add  15%  for  fric- 
^on  of  shafting,  slip  of  helts,  etc. 

Rittin^iT  estimates  that  jigs  require  ^V  ^  A^  horse  power  per  square  foot  of 
krfjM        ""'      "  Mire  is  lowtT  than  any  nf  \]\o  ahove. 
f  Tt  \y  he  «aid  that  the  powpr  n^^piinnl  to  drivo  ^  \\^  &"5i^Rs^\%  ^^wv 

^r\H,  tJw  Jwlf^hi  of  the  tftv\h(\iiv(\.  V\w.  ?.\)ee\^t'  ^icv;\V^  ^^nNnr^v^- 
i,  jtii  <*f  ftvokc  and   Ihe  nvnu^uv  lA  VylmVo^.  \k^^  mvwaJva. 
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^  467.  Life  of  Jigs. — ^This  depends  up<m  the  perfection  of  the  design,  the 
lohdity  of  the  construction,  and  tne  care  with  which  they  are  handled,  and  also 
in  the  case  of  iron  j'igs  upon  the  acidity  of  the  ore  and  water. 

Wooden  GoUom  jigs  at  Lake  Superior  were  used  nearly  continuously  for  U 
vears  for  24  hours  a  day,  six  days  in  the  week,  and  were  still  doing  good  woA, 
but  needed  to  be  replaced.  Cast-iron  jigs  were  put  in,  and  have  been  used  six- 
teen jcaiB  and  are  still  in  good  order.  Lake  Superior  practice  lays  off  a  stamp 
head  and  all  its  jigs  for  repairs  from  time  to  time,  so  that  the  above  figures 
should  be  somewhat  reduced,  for  actual  working  time. 

Kunhardt  gives  for  European  practice  that  wooden  jigs  last  in  good  condi- 
tion from  8  to  10  years,  working  11  hours  per  day. 

Jigs  require  but  few  repairs  aside  from  the  sieves,  the  wear  on  them  beiog 
slight.  Quotations  of  the  cost  of  repairs  from  four  mills  are  as  follows:  MiO 
10,  $26  per  jig  per  year;  Mill  16,  no  repairs  in  years;  Mill  24,  very  small;  Mill 
81,  $16  per  year. 

§468.  Cost  of  Jigs. — Mill  22  reports  that  Harz  jigs  purchased  cost  $200, 
of  which  $90  is  for  iron  work.  This  figure  probably  applies  to  three-compart- 
ment jigs  and  does  not  include  freight.  A  home  made  jig  can  be  made  for  $115. 
Best  pine  cost  $20  to  $22  per  thousand  at  this  mill. 

Mill  30  reports  for  making  four  two-compartment  Harz  jigs,  twelve  three- 
oom](kurtment  and  sixteen  four-compartment: 

Iron  work  at  factory $3*087 .  00 

FreUrht &06.45 

Lumber,  99,400  feet  at  $82.50  per  thousand 081.00 

Labor  on  88  Jigs 8,070.00 

Total  for  88  jigs 80,878.06 

Average  for  one  jig 814.81 

Mill  16  reports  the  cost  of  four-compartment  Harz  jigs  at  $200  each. 

All  of  the  jigs  above  mentioned  are  wooden  jigs  with  wooden  frames. 

§  469.  Labor  for  Running  Jigs. — This  depends  upon  the  manner  in  which 
the  jig  is  run;  if  it  is  fed  and  discharged  automatically,  it  does  not  need  so 
much  labor.  Table  298  gives  the  labor  for  running  jigs  with  fixed  sieves.  Li 
Mill  12  there  are  ten  movable  sieve  jigs  and  Harz  jigs,  and  they  use  six  men 
per  10  hours  at  90  cents  per  man.  For  the  labor  for  hand  jigs  see  §  374.  In 
regard  to  European  practice,  Linkenbach  allows  one  man  for  three  4-8ieTe 
jigs.    Blomeke  states  that  one  man  can  attend  two  machines  where  the  feed 

TABLE    298. — LABOR    FOR    RUNNING    JIGS. 


Mill 
No. 

Men  per  Shift. 

Number  of 

Cost  per  Man. 

Mill 
No. 

Men  per  Shift. 

Number  of 

Goat  per  Nm. 

10 

18 

80 

8 

8 

9 
18 
16 
14 
18 
18 
14 

j 11.60 
1  8.50 
4.00 
8.00 
1.50 
1.80 
8.00 

31.... 

33.... 
Si.... 
86.... 
40.... 
48.... 
86.... 

(o)8 

8 

1 
(6)1 

14 

SO 

88 
SO 
16 

n 

6 

3  84.00 

1  8.80 

8.80 

88 

84 

86 

27 

8.80 
8.80 
8.80 
8.00 

88 

8.75 

(a)  They  also  do  the  oiling,    (ft)  He  also  attends  the  revolying  eoreeDS  and  the  deanlnc  lig. 

and  products  are  moved  automatically,  or  two  men  to  one  machine  where  these 
have  to  be  wheeled  by  hand.  In  this  connection  it  may  be  noted  that  the  quaUtj 
of  the  labor  employed  is  of  considerable  importance,  as  affecting  the  quditj  of 
*he  work  done  by  the  jig. 

Limit  of  Sizes  Jioqi£I>.— HiVvct^  vc^  tlvtee  limits  to  be  considered  in  jining: 
(1)  The  coarsest  size  lAgRcdi,  i,^^  iJcv^  ^x\^\.  ««fc  y%%^>  V?^  ^Sbr  tm^  of  siaes 
jigged  by  any  one  jig.    THa^  ^^^^^  ^^^  ^^  ^^^  ^^  ^^^  \s^^^fi«5«.^^. 
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TABLE  21 

)$>. — COARSEST  AND 

FINEST  SIZES  FED  TO 

JIGS. 

I^ 

RMlMOf 

RauKe  of 
SiseitTed 

Kind  of  Pi-oduct  Fed 

i 

RaHMOf 
StMsFedto 

Range  of 
SixeaFed 

KiDd  of  Product  Fed 

2 

UmsOomiwsI 

to  Fitivmt 

to  rU««t  Jig. 

s 

tbeOoaraeai 

toFineat 

to  Finest  Jig. 

?L 

Jiif 

Jig. 

a 

J%- 

Jig. 

BIm. 

Mm. 

Mm. 

Mm. 

MS 

tt.7-U 

8.1S-0 

Hutcb«»of  itg, 
Un<li«rsl2e  of  trommt.'L 

ai 

Over  18 

3.5-0 

Last  spigot  of  classifier. 

^B 

l«4-i;!.7 

6.86-0 

^ 

C>wr  18 

S.iWJ 

n  "^    *                                          t* 

■V 

«.2-9,5 

g.lM> 

Uadersise  of  screen. 

88 

18. 7-7. 8 

8.8-0 

tt                            »l 

^5 

over  1S.4 

IJM) 

Last  spitrot  of  clJMamer, 

34 

1&-13 

8.0-0 

tt                            II 

le 

t&-10 

S-0 

Under«l2e  n(  trommel. 

35 

Over  16 

2.5-0 

U                                             »t 

17 

10-7 

8-0 

Overflow  of  claa«iflt;r 

36 

18.7-7.9 

8.3^0 

It                                            •* 

» 

6.4-1.7 

1.5^ 

llDdersfje  of  trommel. 

.18 

86.1-88.8 

1.5-0 

»k                                            «» 

ii 

4,0-S.48 

»-0 

Last  apigot  of  claasiaer 

SO 
40 

64-38.1 

80-7 

8.5-0 
8-0 

as 

7 

»-0 

(t                       t« 

41 

IS. 9-9.6 

a.iM) 

M                                               »l 

* ; 

10-7 

8-4 

i  Spigots  of  clAttifler  an  d 

4a 

43 

lii.7-6.4 
25. 4-11.1 

"  iiio^*  ' 

Hiimies  of  ^iga! 

ft 

6-0 

8-0 

<     tAiilDGra  of  truDkioir 
i    maolUDe. 

44 

40 

4.7«M) 

^11)1. 00-0 
1,17-0 

S0 

6,7-8,6 

0.91-4) 

Last  spigot  of  dasBifler. 

47 

8'>.4-0 

1.80-0 

U                           tl 

tr 

mA'2^A 

g-0 

u"^*                                    M 

48 

4.76-0 

1,17-0 

'          II                »♦ 

» 

40-» 

8-0 

M                                                kl 

66 

9-6.6 

o.ei-o 

OT^rsiMof  irommal 

1     » 

IM 

8.5-0 

w                             «*• 

m 

Spigot  of  classifier. 

»-t6         1 

3^ 

1*                                             «i 

88 

30-60  meah. 

Overside  of  trommel. 

(a)  Tblft,  and  probablv 
«y  oaf*  psaascTthrougB 


the  three  follovriog  have  a  real  tiiazimum  diameter  of  not  over  0  5  mm.,  altbuugh 
Jig  sieves  of  the  sixes  named.    (6>  Through  0.546  slot  on  0.88  squan?  buls. 


§  460.  The  Coarsest  Size  Jigged  m  a  mill  depends  upon  the  perfection  with 

which  the  mineral  is  unlocked,  upon  the  amouot  of  graded  crushing,  sizing,  jig- 

I     ging  and  re-treatment  of  middlings,  and  linally,  in  a  few  eases,  upon  the  maxi- 

I     mum  size  of  grains  that  a  jig  can  treat  on  account  of  the  high  speed  of  water 

currents  necessary  for  coarse  Btulf,  and  the  consequent  excessive  power  required, 

I  The  more  perfectly  the  heavy  mineral  is  unlocked  and,  therefore,  the  less  included 
jb-ains  there  are  found  in  the  feed  to  the  jig,  the  coarser  may  the  feed  be.     Mills 
■7,  2Sf  30,  38,  39  and  43  arc  instances  of  cases  where  a  sufficient  amount  of  lieavy 
pineral  is  unlocked  to  make  the  coarse  jigging  indicated  worth  while,  and 
Hiereby  save  some  of  the  loss  in  slimes  which  w^ould  he  caut^ed  hy  finer  crushing. 
Mill  40  tried  a  one-sieve  jig  on  Btiiff  ranging  from  20  up  to  50  mm.,  in  order 
to  save  some  preliminary  crushing,  but  it  was  found  that  the  concentrates  had 
too  much  gangue  attached. 
jj         The  above  instances  illustrate  the  higher  limit  of  feed  size  n^d  when  graded 
crushing,  sizing  and  re-treatment  of  middlings  is  practised.     Mill  10  is  an  in- 
stance where  the  whole  treatment  takes  place  upon  one  jig  without  any  sizing 
Khatever,  and  without  any  re-cruehing  of  middlings.     The  ore*  which  is  un- 
cked  very  freely,  is  all  crushed  to  13,7  mm,  in  order  to  equalize  the  losses  be- 
Feen  included  grains  on  the  one  hand  and  slimes  on  the  other. 
The  coarse  jig  in  Mill  44  is  an  expedient  for  saving  the  large  nuggets  of  cop- 
L^T  from  the  clean  upe  of  the  steam  stamp  mortars,  and  they  also  incidentally 
^fhive  a  lot  of  email  copper. 

^^  As  to  the  maximum  eize  of  grain  that  a  jig  will  treat  satisfactorily,  a  figure 
cannot  be  given  positively.  Mill  44  is  an  instance  where  jigging  76-mni.  (3- 
inch)  stutf  is  coui^idered  worth  while,  even  where  the  largest  lumps  do  not  move. 
^It  is  probable  that  the  desired  result  would  be  better  attained  if  the  76-Tnm. 
^Kiaterial  was  screened  in  a  trommel  with  25'mm.  holes,  the  oversize  hand  picked 
^^md  the  undersize  jigged.  In  fact  this  is  practically  the  treatment  given  to 
similar  etuff  in  Mill  47.  Some  authorities  have  given  the  maximum  size  that 
can  be  jigged  as  follows:  Kunhardt,  32  mm,  as  usual  European  practice  and 
B4  mm.  at  Lintorf;  Davies,  41,3  mm.  (1|  inches) ;  Linkenbach,  30  mm.;  Rit- 
ager,  G4  mm,;  Le  Neve  Foster,  25.4  mm.  (1  inch).  Hand  picking  is  used  on 
_  uff  which  is  too  coarse  to  be  jigged.  Some  ideas  oa  the  lo^^t  Uss^^sb  <A\iai:si^ 
picking  have  been  given  in  §  36C. 
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§  461.  The  Finest  Size  Jigged. — In  the  greater  part  of  the  mills  this  is  not 
governed  by  the  peculiarities  of  the  ore  or  the  extent  to  which  graded  crushing, 
graded  siziug  and  graded  jigging  are  used^  but  by  the  finest  stuff  that  a  jig  is 
able  to  treat.  The  jig  has  proved  such  a  perfect  separator,  as  a  rule,  that  it  is 
fed  with  sizes  down  to  its  limit  of  good  work  and  often  beyond  that  point.  The 
tailings  of  jigs  treating  fine  classifier  products,  unless  they  are  worked  slowly, 
with  open,  free-working  bottom  beds,  and  thin  top  layers,  which  is  usually  not 
the  case,  contain  too  much  of  value,  but  the  mill  man  has  done  all  he  can  with 
the  apparatus  at  command,  so  lets  the  tailings  go  to  waste.  Vanners,  Wilfley 
tables  or  slime  tables,  are  fed  with  the  slime  sorts  that  are  too  fine  for  the  jigs. 

Table  299  names  the  products  fed  to  the  finest  jigs  in  thirty-five  of  the  mills. 
Since  many  of  these  are  the  later  spigot  products  or  overflows  of  classifiers,  the 
author  is  unable  to  state  the  exact  maximum  size  of  grain.  They  are  quite  fine; 
a  number  of  them  are  not  over  0.25-mm.  maximum  grain,  and  are  mostly  mixed 
products,  ranging  from  a  maximum  grain  down  to  very  fine  particles^  and  in 
some  instances  even  down  to  the  finest  silt. 

The  author,  in  his  computation  for  a  hydraulic  classifier,  has  taken  the  ground 
that  the  overflow  should  contain  all  the  quartz  of  0.25  mm.  diameter  and  less. 
This  places  the  feed  to  the  finest  jigs  as  containing  quartz  of  0.25  mm.  diameter, 
and  other  minerals  of  those  diameters  which  are  equal  settling,  under  free  settling 
conditions,  with  0.25-mm.  quartz. 

The  authorities  give  the  minimum  products  fed  to  jigs  as  follows :  Kunhardt, 
seldom  below  1  mm.;  Davies,  0.79  mm.  (^  inch);  Linkenbach,  0.25  mm.; 
Le  Neve  Poster,  0.5  mm.  (^irinch).  At  Clausthal  two  classes  of  graded  slime 
between  the  sizes  of  1  mm.  and  0.5  mm.  were  formerly  treated  on  jigs.  Experi- 
ment upon  central  discharge  slime  tables  5.5  m.  in  diameter,  however,  showed 
that  the  latter  had  greater  capacity,  better  separation  and  less  cost,  and  they 
were,  consequently,  adopted.  On  the  other  hand,  Bellom  claims  that  on  sands 
between  0.5  and  6.25  mm.,  jigs  have  greater  capacity  than  tables,  cost  less,  use 
less  power  and  are  easier  managed,  but  preliminary  sizing  of  feed  must  be  more 
perfect,  and  they  cause  more  attrition  and,  hence,  more  loss.  This  last  view 
seems  to  be  borne  out  by  the  practice  in  this  country. 

§  462.  Ranges  of  Sizes  Fed  to  a  Single  Jig, — These  have  already  been  given 
and  somewhat  discussed  in  §  285  for  all  jigs  treating  tronmiel  products.  A  few 
points  which  relate  more  closely  to  the  work  of  jigs  should  be  noted. 

The  smallest  range  of  sizes  shown  in  Table  283,  was  in  Mills  27  and  28,  and 
the  largest  in  Mills  9  and  10.  In  Mill  27  a  decision  has  recently  been  reached 
that  there  are  too  many  trommels  and  instead  of  making  eight  sizes  between 
38.1  mm.  and  2  mm.,  it  is  proposed  to  make  only  three  or  five.  In  the  words 
of  the  superintendent:  "Close  sizing  is  entirely  a  question  of  ore  and  gangue. 
With  the  heavy  ore  of  Mill  27  it  is  not  necessary,  and  it  is  consequently  a  detri- 
ment, since  it  causes  an  increased  loss  in  slimes." 

Close  sizing  always  has  the  advantage  where  it  is  desired  to  do  very  perfect 
work,  for  when  it  is  used  the  whole  bed  is  very  open  and  free  for  the  passage  of 
water  and  in  consequence  a  very  perfect  layering  takes  place,  and  when  the 
concentrates  are  of  rather  low  specific  gravity,  or  there  is  a  considerable  amount 
of  included  grains  or  middlings  of  low  specific  gravity,  such  products  may  be 
saved  to  better  advantage. 

Sieve  scales  of  many  of  the  mills  have  larger  gaps  in  them  at  the  coarse  end 
than  would  perhaps  be  allowed  for  the  best  separation,  because  the  whole  tail- 
ings of  the  coarser  jigs  go  to  re-crushing  machines  to  unlock  the  included  grains, 
and  then  to  reconcentrators.  The  few  grains,  then,  which  may  find  their  way 
into  the  first  tailings,  because  the  sieve  scale  is  not  sufficiently  close  to  save  them, 
alJ  Jiavo  a  chance  to  be  saved  later.     The  loss  from  re-crushing  these  few  grains 
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insignificant,  while  the  saving  of  multiplication  of  trommels  and  jigt?  to  gain 
perfect  jfievc  scale  may  be  very  large. 

A&  hat*  been  already  shown  in  §  21*3,  there  are  some  imperfections  in  the  work 
of  tromniek,  t^o  that  the  range  of  sizei?  in  the  jig  feed  is  somewhat  greater  than 
Would  be  indicated  by  the  sizes  of  holes  in  the  limiting  trommels.  In  the  case 
_of  classifiers,  however,  their  work  is  much  more  imperfect  (see  §352),  there 
eing  practically  no  classifiers  which  do  not  allow  very  small  particles  to  dis- 
arge  with  the  larger  sizes  and  as  a  consequence  the  range  of  sizes  in  the  feed 
to  jigs  treating  classifier  products  is  quite  large. 

To  illustrate  the  effect  of  fines  when  jigging  natural  products  or  classified 
products,  the  following  sizing  tests  and  assays  are  given: 

In  Mill  40,  treating  Gagnon  ore,  all  the  spigots  of  the  No,  1  or  Carkeek 
classifier  are  jigged  together.     Goodale*'  found  that  the  taUings  of  the  jigs  doing  • 
his  work  assayed  2.7  ounces  of  silver  per  ton  and  1.65%  copper,  and  yielded  to 
izing  the  results  given  in  Table  300.     Efforts  were  made  to  improve  this  by  put- 
ting two  classifiers  side  by  side,  giving  each  half  the  work  to  do,  also  by  substi- 
iting  an  Evans  classifier.,  but  with  no  better  results. 

TABLE  300. — ^SIZING  TEST  OF  JIG   TAILINGS  AT  MILL  40, 


aiaei. 

Percent  of  M«i- 

reriaL 

Assay  In  SUver. 

Aaaay  la  Copper. 

On  10  mesh... »...*.. *.,»,*.. 
TbrouKh  10  on  90  meah. , . . . . 
Through  SO  on  40  mesh. . , . . . 

Through  40  on  60  meah 

Through  60  on  80  meah, 

Through  80  on  100  meah 

Through  100  mesh 

S.8 

4fi.sa 

18.19 
10. oo 
4,06 
4.70 

ciuifcoe*  per  Ton 

2,6 
2.« 
8.4 
24 

8.0 
7,0 

h 

1.2 

i.a7 

MIS 
1,78 

1.85 
4,00 

In  Mill  39,  treating  ore  from  the  Gray  Rock  mine,  each  spigot  product  was 
treated  on  a  separate  jig-  Goodale*^  found  that  the  jig  tailings  assayed  2.85 
ounces  silver  per  ton,  and  L41%  copper,  and  yielded  to  sizing  and  assaying  the 
results  given  in  Table  SOL  Sizing  teet&  from  other  mills  given  by  Goodale, 
show  practically  the  same  results. 

In  Mill  25  ore  containing  limestone  and  galena,  after  passing  through  a 
frmm.  round  hole,  is  jigged  without  any  sizing  on  No.  1  jigs.     The  sizing  testa 

TABLE    301. — SIZING   TESTS   OF    JIG   TAILINGS    AT    MILL    39, 


Siz«6. 

Bfrcent  of  Ma- 

t«riftL 

A«8fty  Id  Silver. 

Anaay  In  Copper. 

2.20          1 
17,8« 
40.09 
10  96 

S.87 

4.16 

6.22 

Ounces  per  Toa. 

2^60 
2.96 
2.28 

2.00 
2.00 
3.44 

1.21 
MS 

1.18 
1.10 
1,36 
2,68 

Through  10  oo  90  iu««h. . , . . . 

Throuich  20  on  40  meah 

Tliroagh40otifl0ine«h. 

Through  60  on  80  m«fih ,.... . 

llirou^flOoi]  lOOmmh..... 
Through  100  meah 

mnd  analyses  of  the  feed  and  products  are  given  in  Table  302.     The  coarse  con- 
centrates of  this  jig  are  quite  rich  in  lead,  but  the  author  has  no  figures  on  the 
liantity  or  quality  of  them.     Other  results  from  the  same  jig  as  obtained  by 
lunroe  and  given  in  Table  303,  show  off  the  assays  better. 
Munroe  also  gives  Table    304,  for  the  No.  %  jig  of  Mill  25. 
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TABLE  302. — 8IZIKO  TESTS  OF  FEED  AND  PRODUCTS  OF  JIO  NO.  1  IX  JCOL  tk 


Siiei. 

lUteriaL 

Ftnmu 

Feed  to  the  Jiff.                                                        | 

Through  0  mm.  on 4  mm...... 

2.0 
41.9 
25.0 
81.8 

"  "    4     •*       •»  1     *•   \ 

it        1      **      **  U    ** 

»•         M    *♦       •»  0     "    

'^ 

Hutch  product  Mcauiclitbj  A  bcnrdaaiiller.                                   | 

OnM  mm 

11 
6 

19 
88 
88 

19.4 

ai.t 
sr.8 

14.1 
17.S 

^ircNurh  jk  mm.  on  W  mm 

**       »    **      "a    ** 

•t       JL     **      **  v2    ** 

**       Q    **      "01     ** 

7B 

TUUngBofthejig.                                                       | 

Through  0  mm.  on  1    mm 

80.2 
29.0 
10.2 

1.08 
0.91 
t.28 

**        1     **      "Id    "  

U          l^    i»       t»    ^    t»    

TABLE  303. — MUNROE'S  SIZING  TESTS  OK  THE  NO.    1   JIG  OF  ICILL  25. 


Slse. 

Percentage  of 
FeedinEach 

Sise. 

Lewi  in  Feed. 

Lead  in  Hutch 
Product. 

LeadinOoMW 
Conoentratea. 

jgglte 

Mm. 

0  tol 

1  to|^ 

41.1 
29.0 
9.8 
1.6 
9.9 
16.8 

Pmcent. 
8.82 
9.10 
18.81 
19.98 
7.84 
12.22 

Percent. 

0 

74.0 
19.2 
14.8 

8.8 
10.4 

I^ntsenL 
10.90 
7.97 

PoneBt* 
1.08 
9.88 

;:S 

l.Tf 
8JV 

AyerMre . 

8.98 

22.8 

18.54 

l.Bi 

TABLE  304. — MUNROE'S  SIZING  TESTS  ON  THE  NO.  2  JIG  OF  MILL  25. 


Slse. 

PercentaKe  of 

FeedTn 

Each  Size. 

Lead  in  Feed. 

Lead  in  Hutch  Worlc. 

Lead  in 
TaOingi. 

Ist  Sieve 

2d  Sieve. 

8d  Sieve. 

Blm. 
Orer  W 

si 

8.9 
48.8 
18.8 
84.2 

Percent 
40.90 
10.78 
10.4C 
82.68 

Percent. 
-    79.00 

Percent. 
70.84 

Percent. 
41.80 

Pteroeot. 
8.94 
1.08 
0.82 
11.97 

Average. . . 

24.75 

6.84 

§  463.  All  the  figures  in  these  tables  show  that  when  jigs  are  treating  either 
classified  products  or  natural  products,  there  is  a  tendency  of  fine  mineral  to  go 
into  the  tailings,  and  by  increasing  the  suction  in  order  to  prevent  this  as  far  as 
possible,  some  of  the  fine  gangue  is  also  sucked  down  into  the  hutch  product 
The  reason  why  this  is  allowed  is  one  of  expediency.  The  jig  making  hutch 
work  is  a  very  efficient  machine ;  that  is  to  say,  it  does  a  large  amount  of  work 
and  saves  a  large  proportion  of  the  fines  for  the  amount  of  mill  floor  it  covers. 
Its  use,  therefore,  saves  cost  of  mill  construction  and  mill  men  have  not  had  at 
hand  any  better  means  of  handling  this  material.  If  some  means  can  be  de- 
vised for  sizing  accurately  at  1  mm.  or  better  0.75  mm.,  sending  all  above  this 
size  to  jigs  and  all  below  it  to  tables  of  the  Wilfley  type,  then  this  difficulty  will 
be  overcome. 

The  last  hutch  product  of  a  jig  which  has  to  handle  fine  material  with  the 
coarse,  must  always  carry  considerable  gangue  if  the  tailings  are  to  be  brought 
down  to  the  lowest  limit,  and  this  product  will  need  further  treatment  to  bring 
't  op  in  value. 
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An  example  of  how  pucce&sfully  a  jig  may  work,  even  thoiagh  it  has  a  very 
de  range  of  sizes  to  treat,  iucliKiitig  the  finest  slimeg,  is  found  in  Southwest 
issouri  zinc  practice,  of  which  Mills  9  and  10  are  esampleg.  Here  the  firat 
ronghing  jig  is  fed  with  stuff  ranging  from  9  or  12  mm.  to  0,  and  its  hutch 
products  are  cleaned  on  a  second  or  finishing  jig.  Average  work  of  the  district 
ie  to  take  ore  carrying  about  8%  zinc  and  make  tailings  carrying  only  about 
1|%  zinc^  at  a  total  cost  of  about  29  cents  per  ton.  This  is  possible  because 
the  blende  is  in  large  coarse  crystals  and  is  in  large  measure  unlocked  from  the 
gangue  by  coarse  crushing.  The  coarse  crushing  does  not  make  much  slimes. 
The  jigs  are  run  with  coarse  sieves,  so  that  they  have  open,  free-working 
bottom  beds  and  suction  has  full  play  to  save  the  fine  ore. 

A  foreign  example  of  the  application  of  similar  treatment  is  found  in  Corn- 
wall where,  according  to  Kunhardt,  the  practice  exists  of  making  only  two  sizes 
between  32  and  3  mm.,  in  dressing  copper  pyrites  with  a  rock  gangue,  where 
concentrates  of  a  very  poor  grade  answer  the  commercial  requirements;  also  at 
*""  e  dressing  works  at  Lnuremburg  in  Nassau,  in  the  treatment  of  an  ore  of 
'gentiferous  galena  and  blende^  with  a  siliceous  gangue.  The  results  from  the 
fging  of  this  material  are  reported  to  have  been  very  satisfactory. 
Another  instance  is  at  Lautenthal,  where  only  two  sizes,  32  to  13.3  mm.  and 
13*3  to  2  mm.,  are  made  in  separating  blende  from  quartz^  using  jigs  with  two 
compartments.     The  details  axe  as  follows: 


I  of  feed ,. 98.  to  13.3  mm. 

Bofafe^ebolo  .,,.. ««*«...,^*.« Q.6  mm. 

j^  of  feed  apron , 46  mm. 

f  hi  above  the  Bi«ir»  of  tuvertad  dam  of  the  dlaoharge.  3S  mm. 

Longthof  i»lijoff«r  itnike. .., 40mm. 

Number  of  strosen  per  mtrajbe 140 

O^paiEitj  vmr  hout 3|  cubic  metera. 

Quiili^  of  bottom  bed .Hard. 

QoftUtx  of  taiUofSS , Contain  some  dein  blende. 


is.atoamni. 
fimm. 
2Smm. 
15  mm. 
SDmm. 
180 

11  cubic  meter*. 
Soft. 

CootAin  Tery  little  clean 
blende. 


§464.  Minimum  Diffebence  in  Specific  Gravity  of  Minerals  to  be 
Sbparated, — As  has  already  been  stated,  the  greater  the  difference  in  specific 
gravity  the  easier  is  the  separation,  and  conversely,  the  nearer  the  gravities  are  to 
each  other,  of  two  mineral^:  that  are  to  be  separated,  the  more  difficult  is  the  sepa- 
ration. For  example,  minerals  that  are  as  near  to  each  other  as  blende  (specific 
gravity  4),  and  pyrite  (specific  gravity  5),  are  diflBcult  to  separate  by  jigging, 
and  indeed  their  separation  at  all  may  depend  on  their  mineral  aggregation  and 
fractnre.  If  they  are  perfectly  unlocked  from  each  other  and  are  in  roundish 
grains,  then  they  can  bo  separated.  If,  however,  the  pyrite  is  more  in  flattish 
grains,  and  the  blende  in  roundish,  then  they  cannot  be  separated^  since  romidiah 
grains  settle  fa?ter  than  fiattiah  grains.  If  the  pyrite  is  in  roundish  grains 
id  the  blende  is  in  flattish,  then  they  are  easily  eeparated. 
On  account  of  the  difficulty  of  separating  these  two  minerals,  various  processegp  ^ 
3ch  ap  roasting  followed  by  jigging,  roa^sting  followed  by  magnetic  treatment, 
id  others  are  used^  not  only  for  separating  blende  from  p>Tite,  but  also  from 
lerite  and  barite.    Some  of  these  processes  are  described  in  Chapter  XVIII* 

BlBUOOHAPHY  OP  JlOS. 

Thii  will  be  found  at  tHe  end  of  Chapter  XV, 
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CHAPTER  XV. 

LAWS  OF  JIGGING. 

§  466.  The  action  of  the  currents  in  the  beds  of  the  various  types  of  jigs  will 
now  be  considered: 

In  the  Harz  or  plain  eccentric  jig,  pulsion  is  given  intermittently,  alternating 
with  suction,  and  the  times  devoted  to  them  are  about  equal. 

In  the  accelerated  jig,  pulsion  is  given  intermittently,  but  its  time  interval 
is  considerably  shorter  than  that  of  the  alternating  suction. 

In  the  pulsion  jig,  pulsion  is  given  intermittently,  but  the  intervening  times 
are  devoted  to  repose,  in  which  settling  can  take  place  undisturbed  by  suction. 

In  the  siphon  separator  (Heherivdsche)  the  pulsion  is  continuous,  with  no 
breaks  for  either  suction  or  repose. 

In  all  these  types  of  jigs,  the  pulsion  current  acts  under  hindered  settling 
conditions,  and  will  now  be  considered.  The  laws  affecting  the  suction  current 
will  be  taken  up  later. 

§466.  Hindered  Settling,  General  Principles. — This  is  where  particles 
of  mixed  sizes,  shapes  and  gravities,  in  a  mass,  free  to  move  among  themselves, 
are  sorted  in  a  rising  current  of  water,  the  rising  current  having  much  less 
velocity  than  the  free  settling  velocity  of  the  particles,  but  yet  enough  so  that 
the  particles  are  in  motion.  The  arrangement  of  the  particles  is  so  positive 
that  if  one  of  tliem  be  moved  up  or  down  from  its  chosen  companions,  it  will  be 
found,  when  set  free,  to  return  immediately  to  practically  the  same  group  as 
before. 

Hindered  settling  is  affected  by  the  same  qualities  of  both  minerals  and 
liquids  as  free  settling  (see  §354).  It  adds,  however,  the  eflfect  of  crowding 
grains  together  so  thickly  that  the  spaces  between  them  are  nearly  as  small  as 
they  would  be  in  a  closely  sized  product  piled  in  a  heap.  Every  particle  in  the 
mass  is  poised  in  the  upward-moving  water,  settling  issues  with  those  above  it, 
around  it  and  below  it.  If  a  grain  above  it  has  greater  settling  power  it  quickly 
gets  below,  if  one  below  it  has  less,  it  quickly  rises. 

The  effect  of  this  upon  mixed  sizes  of  any  one  mineral,  quartz,  for  example, 
will  be  to  arrange  the  m  according  to  size ;  the  largest  grains  will  find  their  way 
to  the  bottom ;  the  smallest  will  rise  to  the  top.  This  order  will  only  be  inter- 
fered with  by  flat  or  elongated  grains  which  will  be  a  little  higher  in  position 
than  their  size  would  seem  to  imply. 

The  effect  upon  mixed  sizes  of  two  minerals  of  two  specific  gravities,  for 
example,  quartz  and  galena,  will  be  to  place  grains  in  groups  which  may  be  said 
to  be  equal  settling  under  hindered  settling  conditions,  but  the  ratio  between 
the  diameters  of  the  quartz  and  galena  in  any  one  of  these  groups,  is  mnch 
greater  than  that  obtained  under  free  settling  conditions.  This  ratio  is  of 
great  importance,  but  there  seems  no  way  to  get  values  for  it  except  by  direct 
test. 

§467.  TuBULAB  Classifier  Tests  on  Hindered  SETTUKa. — ^Tests  weie 
made  by  the  author  to  obtain  values  for  these  ratios  and  to  investigate  the  whole 
Hubject  of  hindered  oettUng.    For  this  purpose,  a  tubular  classifier  was  designed 
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of  the  fonn  showB  in  Fig,  345^  which  consists  of  a  tin  cone,  a,  with  an  overflow. 
f,  united  to  a  tube  of  ghi^js,  b,  by  a  rubber  connectorj  c,  and 

I  having  It  water'supph%  d,  regulated  by  lliu  cock,  ij,  and  u 
t>wH),  c,  joined  by  a  rubber  connector,  A.     If  this  apparatUH 
be  fiJIed  with  wator,  and  a  iiamplc  of  mixed  sands,  which 
Ijiass  through  a  lO-iuesh  sieve  (an  ordinary  8-ouDce  boltle- 
Jul  reprei^ents  the  quantity  used),  be  charged  gradually  at 
the  top,  and  a  slight  upward  current  of  water  be  adjiiitted 
through  the  tube,  d,  the  sands  will  rapidly  assume  a  condi- 
i^tion  of  approximate  equilibrium.     Here  we  have  sandsi, 
ay,  of  two  specific  gravities,  and  of  gizes  ranging  from  10 
aesh  to  finest  climes,  which  are  held  in  gently-moving  sus- 
Ltu^ion  by  the  glow  upward  current,  and  io  a  crowded  con- 
Idition,  m  much  so  that  the  volume  of  sand  in  the  tube  at 
ny  given  time  is  nearly,  if  not  quite,  equal  to  the  volume 
[>f*the  water.     This  device  is  well  adapted  to  secure  the 
fconditions  of  hindered  settling  and  to  deliver  the  samples 
for  study. 

By  means  of  this  classifier,  the  behavior  of  the  minerals 

fimed  in  Table  257,  each  paired  with  quartz,  was  tested. 

5aeh  of  these  pairs  was  treated  in  the  classifier  (Fig.  345 )» 

[ty  allowing  from  one-half  hour  to  two  hours  for  the  grains 

to  come  to  equilibrium;  and  since  the  larger  part  of  the 
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346. — egPAJUTIOW^   OF   QUABT2    AXD    CO?T?EE  ITi    t\SWi\JOi.   C\AaS5VXV^. 


9nrting  is  done  in  th^  first  minute^  we  foay  condder  that  the  work  h  completed  in 
balf  an  hour.  While  the  sands  are  still  kept  in  gpntly-mnving  suspcns^iou,  tlie 
current  is  slightly  slackened  by  mean?  of  the  c-oek,  tj,  and  the  hearier  grain?  are  al- 
hvird  to  find  their  way  down  into  tlte  bulb,  e.  When  the  bulb  is  full,  the  rubber 
connector,  h,  is  pinched  with  the  thumb  and  fingi^r,  and  the  bulb  ie  replaced  with 
a  new  one.  which  has  bcc*n  completely  filled  with  water,  care  having  been  taken 
to  ri*m«ivf  the  bubble  of  air  from  the  neck.  In  like  manner  the  second  bulb  ia 
filled  and  remowd,  and  a  third,  a  fourth,  and  so  on  until  all  the  sand,  to  the! 
finest  slime*.  '  drawn  oif.     The  fioe^  silt  will  overflow  abiive  at  f,  alotng 

A»ith  a  few  ]  arried  over  by  irreaFV  flotation.     This  ebonld  be  caugkL 

and  may  be  oilkni  ilio  last  bulb  or  drawing, 

Eachof  these  drawings,  which  were  ten  in  number,  was  carefally  dried,  smd 
in  the  ne«»t  of  sieves  (see  Table  258)*  and  note  made  of  the  cluLnicter  oif  mA 
fiijse  obtained*  For  example,  the  sdxes  in  the  galena  S4^es  (see  Fig.  34?),  in 
the  fifth  bulb,  were  found  to  bo  perfectly  pure  quarts  down  to  the  3a>mcsli 
sieve.  The  40-mesh  contained  a  little  galeua :  the  ^n-mesh  was  nearly  aU  galena* 
with  a  little  quartz;  and  all  the  sizeg  below  50-me$h  were  pore  galena. 

The  twelve  pairs  of  minerals  were  all  treated  in  thi*  way,  and  as  a  means  of 
ervine^  the  results,  pWtog^v'^  ''^^^  v^<eti  ^1  tbe  actual  grains 
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PFIO.  348- — SEPARATION  OF  QUA£TZ  AND  WOLFRAMITE  BT  TUBULAB  CLABSITIEB  AKD 

in  the  form  of  a  graphical  plot.  In  these  photographs  (see  Pigs.  346  to  357), 
'lie  vertical  columns  Nos.  1,  2,  3,  4,  etc,  represent  the  successive  bulbs.  The 
horizontal  lines  indicate  groups  of  particles  resting  on  like  eieves. 

§  468.  Results  of  the  Tubular  Classifier  Tests, — Examining  the  plots 

rf  Hie  various  minerals  and  gravities,  we  see  a  general  set  of  features  possessed 

common,  but  changing  a  little  with  each  successive  photograph.     First,  we 

bave,  in  copper  (Fig.  346),  a  range  of  clean,  pure  quartz  hills  and  also  a  range 

s»f  clean  copper  hills  and,  between  the  two»  a  valley  almost  destitute  of  grains, 

rhich  is  widest  a  little  above  the  middle.     In  arsenopyrite  (Fig.  351),  the  val- 

ley  is  gone  on  the  100-mcsh  line  and  we  have  a  plateau  instead.     In  chalcocite 

(Fig.  352),  the  plateau  has  reached  up  to  the  50-mesh  line.     In  pyrrhotite 

(Fig.  354),  it  has  reached  1iie  40-meBh  line.     In  epidote  (Fig.  356)  the  plateau 

hag  disappeared  below  24-me8h,  and  a  single  wide  range  of  hills  has  taken  its 

place.    The  above  change  of  features  is  due  to  the  difference  in  specific  gravity 

of  the  heavy  mineral.     As  the  specific  gravity  lessens,  the  two  ranges  of  hills 

|eom'  ^  together. 

i:  were  made  of  the  percentage  of  the  heavy  mineral  in  every  hill 

tables  of  them  are  given  in  Am.  Inst.  Min.  Eng.,  Vol.  XXIV.,  pp,  483  to 
Tliose  of  galena  are  given  here  in  Table  305  for  iUu%tmlv5\i« 


TABLE   305. — ESTIMATED   PERCENTAOE  OF   GALENA   IN   THE    HILLS   OF    FIO*    347, 
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The  weights  of  the  hills  of  three  hulb?  were  taken  for  all  the  figures  except 

that  of  magnetite,  and  from  them  the  c^stimated  weight  of  each  mineral  in  each 

A/7?  WAS  caJciilated  by  usmg  \\ve  v^Te^v\V%9>;^  x^t^^ioxi^ly  estimated.     Those  for 

ealena  are  hrre  Giveii  m  TaVi\v>  'h^^,  \^^  \\\\\%\.\^M\vst\.   T^c5fa^  V^  m^n3^  others 

are  given  in  Am   Inst  Min.  Eug.^o\.  ^^\N.,^^.  ^\^  V^  NS.^. 
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f^ABLD  306.— ESTIMATED   WEIGHTS   OF    QUAETZ   AKD   OAIMTA   W  1 

FIG.    347. 
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Bulb  No,  5, 

Bulb  No.  0, 

Bulb  No.  f 

QalenA. 
QnmB. 

Quarts, 
Gramji. 

GalBDA. 

GramB. 
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Having  obtained  all  this  data,  it  was  possible  to  compute  the  hindered 
tling  ratios  of  different  minerals,  that  is,  the  ratio  of  the  diameters  of  those 
particIeB  which  are  ci|ual  settling  under  hindered  fettling  conditions.  The 
mode  «f  computation,  to  obtain  the  ratio  of  diameters  of  the  particles  of  quarts 
and  galena  in  equilibrium,  for  any  given  column  or  buJb^  may  be  ehown  by 
taking  as  an  example  Fig.  347»  and  bulb  No.  5  of  Table  306.  Here  the  average 
diameter  of  the  quartz  particles  was  obtained  by  multiplying  all  the  quarts- 
weights  for  bulb  No.  5  by  their  diameters,  (obtained  by  taking  a  mean  of  the 
sieve  hole  through  which  they  pass  and  that  on  which  they  rest),  and  diTidinff| 
the  sum  of  the  products  by  the  sum  of  the  weights.  The  galena  figures  for 
bulii  No.  fy,  I  rented  i?iniilarly,  give  an  avifrage  diameter  for  the  galena  partidesL 
This  diameter  of  quartz  is  then  divided  by  the  diameter  of  the  galena.  ~ 
other  bulbs  wore  treated  in  the  same  way.  In  like  manner  computations 
made  upon  all  of  the  eleven  minerals,  using  three  bulbs  for  each,  and  these 
bioderea  settling  ratios  are  given  for  all  of  the  minerals  except  magnetite  in 
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EpG,  352. — EEPAfi^TION  OF  QUAETZ  AND  CHALCOOITB  BT  TITBULAE  0LA8SIFI1B  AND 
I  3IETE8, 

TABLE  307* — HIKDERED  SETTLING   RATIOS   OR    MTTLTIPLIERS    FOR    OBTAINING   THH 
DIAMETER  OP  THE  PARTICLE  OF  QUARTZ  WHICH  IN  THE  TOBOLAR  CLA35IFIEB 
I  WILL   BE    IN   EQUILIBRIUM    WITH    THE    MINERAL   SPECIFIED. 


Ratio  of  the  DlAmet^r  of  Quartz  to  that  of  Xhia  HDaeraL 

QuArUand 

Column  C 

ColitmD  6. 

Culiinin  6v 

7.791 
8.G68 
6.8B1 
4JB8 

4.T18 
8.747 
8.84fi 

«080 
1.<JI0 
0.S81 

Column  7. 

Coliumi  8. 

ATflracB. 

Copper.... ..,,..••,,••,«*., , 

8,af7S 
6.398 
4.«94 

4.ai8 

4.«44 

8.947 
8.404 

STWi 

1  708 

S.544 
6.1«1 
4.M8 
4488 

8.8t7 

9.888 

1       8  SB8 

G«r*n«L,     .».»,••,..„.,,  *•«,.,,*•..«. 

ft.Stt 

8  16B 

AnTiniODV  .,.-,»,,•*.*»»••,■.,,,,,,,,,, 

4  WT 

CAisil^rit^. .,, ,.... 

4.0» 

8.m 

S  80S 

Pyrrl                                         ...•..,. 

8.640 

Sr^uii 

8,049 
8.7«8 
0.180 

S.tS7 

Epid.  1 

S  087 

Katbkrtt^ibe •.**,,.    * 

o.m 

0  179 

1 

These  hindered  settling  ratioB  give  us  the  law  by  which  particles  of  differed . 
minerals  are  separated  under  hindered  settling  conditions.  They  show  that  I 
under  such  conditions  as  existed  in  the  tubular  classifier  on  grains  between  Wj 
and  100  mesh,  a  particle  of  galena  will  go  below  every  particle  of  quarts  whose] 
diameter  is  less  than  5.842  tiraes  the  diameter  of  the  galena  particle :  a  partida 
of  arsenopyrite  will  go  below  every  particle  of  quartz  whose  diameter  is  lf*J 
than  3.737  times  the  diameter  of  the  arsenopyrite  particle,  and  sn  on  for  iha 
other  minerals.  By  comparing  thci?c  hindered  settling  ratios  wnth  the  fr 
settling  ratios  in  Table  261,  we  see  how  much  larger  the  former  arc  and,  the 
fore,  how  much  easier  a  separation  may  be  effected  in  the  former  case.  We 
gee  how  it  is  that  particles  which  arc  equal  settling  under  free  settling 
tions  ran  be  separated  under  hindered  fettling  conditions. 

§409.  The  idea  of  classification  by  hindered  settling  of  mim^nil?  taken 

pairs,  may  be  also  conveyed  by  Fig,  358,  which  represents  the  ^  "  -iim  a3i(| 

positions  in  the  vertical  columns  of  particles  of  minerali*  of  t\  tic  gniT 

ties^  both  ranging  from  the  £?ame  maximum  dianiett^rs  to  duat,   juift   «§  thei 

placed  themBelves  in  the  tvfcuVat  e\^^\&Kt.    I\i  each  case  the  diameif  r^ 
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FIG,  354. — BEPABATION  OF  QUARTZ  AKD  PYERHOTITE  BY  TUBtTLAR  CLASSIFIEB  ANU 

SIEVES* 


Dwnward,  but  the  largest  grain  of  quartz  cannot  get  below  the  horizon  of  the 

of  galena  which  is  equal  settling  with  it  under  hindered  settling  condi- 

E)0.     The  game  is  true  of  quartz  and  arsenopyrite,  and  of  quartz  and  blende, 

\i  it  will  be  noticed  that  the  quartz  ig  associated  with  a  larger  grain  of  arseno- 

ite  tlian  of  galena,  and  of  blende  than  arsenopyrite. 

The  effect  of  hindered  settlinjr  may  be  &een  in  still  another  way  in  the  twelve 

Sga.  34G  to  357,     If  any  of  the^e  be  rotated  90**  left  handed  before  the  eye 

of  the  reader,  it  will  then  reprei^enl  by  its  horizontal  layers  the  effect  of  an 

>ward  current  corresponding  to  the  pulsion  of  a  jig  after  it  has  come  to  equilib- 

im,  it  l)eing  understood  that  the  grains  of  the  two  minerals  of  each  layer  are 

bxed  together,  and  if  we  compare  the  figures  for  galena  (Fig,  347),  arsenopyrite 

rig,  351),  and  blende  (Fig.  355),  we  see  that  the  quartz  is  pushed  farther 

r»y  to  the  left  in  the  galena  figure,  less  far  in  the  arsenopyrite  and  still  less 

the  blende  figure.     This  is  because  the  quartz  is  in  equilibrium  with  the 

^grain  of  galena  which  is  ^  of  its  diameter,  with  ilie  grain  of  arsenopyrite  which 
\  of  its  diameter,  and  with  the  blende,  which  is  |||   of  its  diameter,  re- 
tjvclv. 
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FIG.  355- — SEPARATION  OP  QUARTZ  AND  SPHALERITE  BY  TUBULAR  CLASSITIEB  AJiU 

SIEVES.  I 


The  results  obtained  in  the  tubular  classifier  tend  to  give  the  impr^sion  tha^ 
there  is  a  sharply  defined  limit  between  free  settlin*?  and  hindered  gje'ttling*    T  "" 
is  probably  not  true,  but  rather,  there  is  a  gradual  tranj^ition  from  one  to 
other,  that  is,  between  the  eonditions  which  existed  in  the  sorting  tube  cxp 
ments  (§  355),  and  the  tubular  classifier  experiments  (|  467).  there  is  pr  * 
a  region  where  the  diam^^ter  ratios  may  he  between  those  given  by  the  autt 
free  settling,  and  tliose  for  hindered  settling.     Tins  region  ha*?  not  yet 
ejiplored.     If  such  h  the  case,  it  may  exist  in  the  sorting  columns  of  some  cla 
fiers  where  the  pulp  is  denser  tlian  usuah 

Lest  the  proportions  nf  the  two  minerals  (equal  volumes)  used  in  the  hibuM 
rlassiiier  tests  (Figs.  346^  to  357),  might  have  influenced  the  results,  a  trial  t« 
for  comparison  with  Fig.  347  w^as  made,  using  a  quantity  of  gjilenn  oqtial 
about  ^  of  the  volume  of  quartz,  instead  of  equal  volumes  of  the  two  mineral 
The  fourth,  fifth  and  nixth  bulbs  were  sized,  and  gave  hills  apparently  at  tl 
j^ame  points  as  shown  in  Fig.  347.  To  delmonstrate  tlM?  point  still  furtbri 
weights  and  computations  were  made  upon  the  fourth  bulb,  and  yieldiM  *b»'  nittj 
of  the  diameter  ol  VW  ?,a\*iua  i^vsxiUde  to  that  of  the  quartz-^l :  5,960. 
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to.    356. — SErAKATlON    OF    QUAKTZ    AND    HPIDOTE    BY    TUBULAR    CLASSIFIER    AJfD 

SIEVES. 


fctio  is  practically  the  same  as  those  givon  in  Table  307  for  galena  and  quartz, 

id  therefore  domongtrates  that  the  relative  quantities  of  the  two  minerals  have 

jiothing  to  do  with  the  law  of  hindered  settling.     Th-c*  ratio  of  diameters  is  fixed. 

One  or  two  interesting  facts  may  bo  noted  here,  although  they  are  one  side 

roin  the  main  thread  of  this  discussion.     In  the  first  galena  trial,  a  figure  of 

Irhich  is  not  given  here,  it  was  found  that  fine  galena  appeared  in  the  first  bulb 

t\ow  30-meslL     This  may  be  attributed  to  particles  abraded  during  the  subse- 

aent  sifting  operation.     To  tej?t  the  question,  the  galena-quartz  lot  was  mixed 

thoroughly  and  run  over  again  (see  Fig.  317),  and  this  time  the  fine  galena, 

Blow  the  main  range  of  galena  hills,  was  much  reduced,  proving  the  conjecture 

be  tpnbstantially  correct. 

Again,  the  fall-velocities  of  these  different  heaps  under  free  settling  condi- 
Ions,  were  taken  in  a  tube  (Fig.  359),  Jesigned  by  C.  Le  Neve  Foster,  in  which, 
inverting  the  tube.  Ihe  measure  may  be  laken  over  and  over.     The  rt^sults 
'  givt-n  in  Table  308,     They  show  that,  for  example,  on  the  20-mesh  line» 
'  gfllenn  in  No.  1  are  faster  than  No.  2,  and  No.  2  than  No.  3,  also  for 
rvi  Nob,  5,  G  and  7  fall  in  that  ortlor,  5  being  the  fastest,  and  7  the  slow- 
;  5  contains  fhe  20-mesh  grains  that  are  nearest  to  a  cube;  7  are  the  flat 
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FIO»  357. — SEPAttATlON  OF  (^UABTZ  AND  ANTHRACITE  BY  TUBULAR  CLA^ElliEB  AKP 

SIEVES. 


TABLE   308, — GALENA  AND   QUARTZ   HILLS  OF   FIO.   347   TESTED   WITH   THE  FBEE*  , 

FALLING    TUBE     (FIO,     359),     FOR     FALL-VELOCITIES SERIES    OF 

BULBS    DRAWN    FROM    TUBULAR   CLASSIFrEB. 


8prl»?s  of  Biilbf*  Dmwn  froai  TubuUtr  Ctasslflcc. 

Sieve  Mesh, 
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oyster-shell-like  grains,  that  fall  much  slower.  In  this  test  a  group  of  20  or 
30  grains  was  timed.  When  the  average  grain  passed  the  upper  and  lower 
marks  the  time  was  taken.  The  results  are,  therefore,  averages.  In  the  light 
of  these  facts  the  remarkable  resemblance  which  was  observed  bctwt^en  these  two 

tests  of  galena  and  quartz,  the  second  one  of 
which  is  shown  in  Fig.  347,  becomes  more  in- 
teresting; for  it  is  probable  that,  with  certain 
latitude,  the  particles  of  the  first  test  found 
_  ^  their  way  back  to  the  same  identical  heap  in  the 

Q  I  I  Q       second  test.     This  principle  of  almost  absolute 

^j  o  o  o        predestination  of  particles  for  their  own  ap- 

^^  2  Q  ^       pointed  places  in  ore-dressing  is  very  import- 

ant. 

It  will  be  noticed  that  the  light  color  of  the 
slimes  of  the  9th  bulb,  in  Figs.  346  to  357,  is 
almost  always  marked  when  compared  with  its 
neighbors  on  the  right  and  left  of  it.  This  be- 
ing a  truly  sorted  product,  the  finer  dark 
mineral  hides  itself  beneath  th<»  coarser  light 
mineral.  This  shows  in  all  the  sets  except  copper 
which  had  no  slimes  in  the  10th  bulb,  magne- 
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PIG.  358. — GRAPHICAL  REP- 
RESENTATION OF  HIN- 
DERED SETTLING. 


b  - 


FIG.  359. — 
REV  ERSI- 
BLE  FRSS- 
F  A  L  L 
TUBE. 


FIG.    360. — PULSION   JIG. 


tite  which  had  almost  none,  and  epidote'  the  fine  powder  of  which  is  extremely 
light  colored  and  of  which  the  tenth  slimes  are,  therefore,  as  light  as  the  ninth. 
§470.  Pulsion  Jig  Tests  of  Hindered  Settling. — Having  obtained  the 
hindered  settling  ratios  for  a  continuous  current,  it  was  next  necessary  to  ascer- 
tain if  an  intermittent,  pulsating  current  would  produce  any  variation  there- 
from. To  test  this  question,  a  pulsion-jig  was  designed,  which  is  shown  in 
Fig.  360.  It  consists  of  a  tin  funnel,  a,  with  overflow,  6,  connected  with  rub- 
ber connector,  c,  to  a  glass  tube,  i,  cut  apart  at  h  for  the  insertion  of  a  disc  of 
gieve-cloth.  The  t^o  parts  are  held  together  by  two  clamps,  e  and  /,  and  two 
holts,  g,  g,  and  the  joint,  at  h,  is  made  tight  by  a  belt  of  rubber  plaster.  The 
tube  has  a  branch,  Jc,  joined  by  a  rubber  connector,  o,  to  a  commoiv  ^lx5%cs«k.^  -^^ 
provided  with  a  gear-wheel,  q,  which  iiiterme%\ie&  mXk  «L\Kt^T  ^^\,  t^V-k^x^^ 
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m  cniilc,  g,  turm^l  l»y  liand.  Water  is  supplied  through  the  ruhhcr  hoee,  i,  atui 
tlic  h)*dninty  u.  Tb  *  lower  end  of  the  tube  i^  drawn  down  to  6.35  mnL  io  dJAtu- 
ulcr  lit  /.  and  hv  ruhber  coonector^  m,  is  jomt-d  lo  a  bulb,  n,  for  receiviDg  what 
isees  thn^tigh  the  sieve* 

The  ttiethwl  of  >        /ml.'  this  pulsiou-jig  is  siuiply  to  turn  on  Ihe  water  gently 
ftt  M,  iintl  rev^ivv  k,  $,  at  the  ^peed  dt*sired.     The  rovulutiou  of  the  ]»lug- 

it»ck,  P,  makes  and  bivaka  the  water  coniiectiou,  and  the  rubber  tube,  t,  is  elasftic 
eimugli  to  act  as  an  aceiiinulator  for  the  ini*tant  that  the  water  is  tjhnt  off*  The 
wtnd  fed  in  at  tlu^  funnel*  (*,  quickly  falls  to  the  sieve,  h,  and  then  receives  n 
stories  of  ioiermittent  upward  pulhatious  from  the  movement  of  the  water.  The 
sand  is  therefore  subjected  to  an  upward  currvUt  of  water  at  one  instant,  which 
remains  stagnant  the  neit  instant.  These  pulsations  may  be  given  at  any  rate 
up  to  i:^00  per  minute. 


a»  ^ 


FIO.   361* — SEPABATIOX  OF  QUART2    (SP.  GK,   2.64)    AXD  OAXEXA    (SP- 

BY  PtJLSlON  JIG  AND  SIEVES. 


Two  tost?  were  made  with  the  pulsion-jig,  one  upon  galena  and  one 
sphalerite,  each  paired  with  quartz.  For  convenience,  when  in  use,  tbe 
was  removed,  it  having  been  dem'  1  to  the  eye  that  the  action  waa 

cisely  the  same  whether  the  sieve  v  or  not.     This  permitted  the  prodii 

to  be  drawn  off  by  the  tuWi  m  aeries,  exactly  as  they  were  in  the  ttibulv  clmsd« 
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Ber  test,  and  the  profliKtj^  go  drawn  off  were  gized,  and  the  difTcront  little  hills 
were  laid  out  aiid  photographed  as  hefore  (see  Figs,  361   and  362). 

Tlu?  ratio  for  three  colunuiB  of  hi  11?;  computed  by  the  method  adopted  for  the 
tubular  classifier,  yielded  for  the  two  pairs  of  minerals  treated,  ratios  of  diame- 
ters gi\en  in  Talilc  309,  which  arc  practically  identical  with  those  of  Table 
307>  obtained  in  the  tubular  chii?sifior.  It  is  evident,  therefore,  that  nothing 
whatever  ha&  been  gained  by  substituting  intermittent  pulsion  for  continuous 
current,  and  would  seenx  to  indicate  that  Rittinger  was  wrong  in  his  theory 
that  the  advantage  of  a  jig  over  free  settling  was  due  to  the  intermittent  pul- 
sion of  the  former,  which  caused  the  grains  to  have  periods  of  acceleration 
during  which  the  smaller  particle  of  the  heavy  mineral  came  to  its  full  velocity 
sooner  than  the  larger  particle  of  the  light  mineral. 


jpio.  362,— sEPAfiATioif  Of  qvAscn  Ur.  q%.  tM)  ajid  sffutmn  (ir- 


It  is  iot^restiDg  to  notlee  I 
1g.  362  for  quAfU  mnA  iph 
Si7  Mfid  J^^V  ''^  ^^''  •*'•*• 
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§471 


309.— SATI06   01   XTLTIPLIEBS   POK   OBCAIKIXO   THB   DIAMBTBB   OF  THl 
PAKnCLE  OF  qCAXTZy  WHICH  IX  THE  FTLSIOX-JIG^  WILL  BB  III 
BQCUIBBITM  WITH  THE  JfTXFBAI.  SPECIFIBDl 


1 471.  MrxROE's  Tests." — ^The  difEeienoe  which  has  heen  found  between  the 
free  settling  ratio  and  the  hindered  seniing  ratio  of  any  two  minerals  has  been 
eiplained  bj  Prof.  H.  S.  Monroe  in  ISS9,  as  due  to  the  eflbct  of  interstitial 
currents. 

He  tested  the  effect  of  confined  space  npon  falling  partideSb  He  timed 
different  axes  of  lead  shot,  or  spheres,  falling  in  a  narrow  glass  tnbe  filled  with 
water  (Fig.  363).  If  d  equals  the  diameter  of  the  shot,  and  D  that  of  the 
tnbe,  he  found  that  the  larger  the  fraction  ^  the  greater  was  the  retardation 
or  loss  of  Telocity  bj  the  shot.  When  this  fraction  equals  nnitj,  the  shot  stopi^ 
and  <m  the  other  hand,  when  the  fracture  equals  -f^  or  less,  thien  fbe  hindermg 
effect  has  practicallT  disappeared  and  free  settling  conditions  ezisL  He  applies 
this  principle  to  the  questicm  of  equal-settling  particles,  as  fdUows:  If  psr- 
ticles  of  quarti,  for  example.  Fig.  364,  are  represented  by  the  laiger  dicki^ 


FIG.     363. — 

FALL  I  Xe 
SPHERES. 
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FIG.  364. — W- 
TEBSTITIAL 
FALL. 
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flO.  365. — ^mAOUTABT 
TTHES  OF  IHTBBSn- 
TIAL  FALL. 


and  those  of  eqnal-settling  galena  bj  the  smaller  circles,  then  when  these  mixed 
particles  are  settling  en  masse,  or.  are  held  in  suspension  by  a  rising  current 
of  water^  each  particle  maj  be  considered  to  be  falling  in  a  tube,  the  walls  of 
which  consist  of  the  surrounding  particles.  Substituting  a  circle  in  each  case 
for  the  imaginary  tube,  we  have  Fig.  365,  representing  the  conditions  for 
galena  and  quartz,  the  outer  circle  representing,  in  each  case,  the  imaginaiy 
tube.  A  glance  is  sufficient  to  show  us  that  the  fraction  3  is  much  smaller 
for  the  galena  particle  than  it  is  for  quartx.  The  galena  particle  will,  there- 
fore, be  less  impeded  in  its  fall  than  the  quartz,  and,  in  consequence,  the  par- 
ticles of  galena  that  are  found  adjacent  to  the  particles  of  quarti  will  be  smaller 
than  the  ratio  which  the  law  of  fn?e  settling  particles  would  indicate.  Pro- 
fessor Munroo  infers  that  these  interstitial  currents  account  for  the  fact,  made 
use  of  in  the  mills,  that  a  jisr  will  save  galena  which  is  much  finer  than  would 
be  the  case  if  the  law  of  free  settling  particles  was  the  only  law  of  jigging, 
ilnd  he  finally  concludes,  by  equating  his  formulas,  that  the  ratio  of  diameters 
for  the  quartz  and  gakna,  ait^x  ^<^  VfiXst^VSiiL  ^nrrents  hare  brought  the 
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rains  to  eouilibrium,  will  be  as  30:1,  which,  however,  is  raucb  larger  than 
tie  ratiu  oi  5.8:  L  obLaititd  by  the  author  from  actual  tests.  In  Profetfisor 
lunroe's  own  words: 

•'We  see,  therefore,  that  if  the  material  to  be  treated  is  sized  between  the 
Jimits  of  1  mm.  and  30  mm.^  it  will  be  possible  to  separate  the  quartz  from  the 
ilena.     All  the  spheres  of  galena  will  have  a  greater  falling  velocity  than  the 
-mm.  grain ;  all  the  quartz  will  rise  more  readily  and  fall  more  Jowly  than 
de  30-mnL  grain." 
§473.  Suction,  General  Principles. — This  term   is  used  to  define  the 
"period  when  a  water  current  is  passing  dowTi  through  the  sand  resting  on  the 
dieve  of  a  jig.     This  down  current  will  carry  with  it  any  particle  that  is  small 
enough  to  pass  through  the  interstices  between  the  larger  grains;  but  the  arrange- 
^inent  which  these  grains  have  derived  from  the  previous  pulsion   (see  §470), 
icercises  a  controlling  effect  upon  the  work  that  suction  is  to  do. 
It  has  been  shown  already  that  the  higher  its  specific  gravity,  the  smaller 
will  be  the  diameter  of  a  grain  of  mineral  which,  under  hindered  settling  con- 
ditions during  pulsion,  is  adjacent  to  and  in  equilibrium  with  any  given  grain 
of  quartz  (compare  galena  with  blende  in  Fig.  358),  and  therefore  the  easier 
rill  iht^  former  pass  down  through  the  interstices  between  its  associated  quartz 
rains,  when  the  suction  of  a  downward  current  begins  to  act  upon  it. 
Carrying  this  line  of  ar^ment  still  further,  one  sees  that  if  it  can  be  proved 
flat  the  size  of  the  interstices  between  the  quartz  grains  be^irs  a  certain  definite 
fttio  to  the  diameter  of  the  quartz,  in  fact  that  there  is  a  definite  interstitial  ratio, 
Jjen  as  a  consequence,  the  heavy  minerals  can  at  once  be  divided  into  two  groups, 
ecording  to  their  behavior  under  suction;   (1)  Those  higher  gravity  minerals, 
he  diameter  of  which  under  hindered  settling  conditions  is  smaller  than  the 
iterstices  between  the  adjacent  quartz  grains.     (2)   Those  lower  gravity  min- 
rals,  the  diameter  of  which  under  hindered  settling  conditions  is  larger  than 
he  interstices  between  the  adjacent  quartz  grains;  or,  in  other  words,  those 
linerals  ihe  hindored  settling  ratio.^  of  which  is  (1)  greater  than,  and  (2)  less 
han  the  interstitial  ratio  of  quartz.     The  minerals  of  the  first  group  will  be 
isily  sucked  down  by  the  descending  cur- 
ent  and  pass  through  the  jig  sieve  into  *- 

^he  Initch  below.  The  mineral>i  of  the  sec- 
Ond  group  will  be  more  difficultly  drawn 
lown. 

§  473,  The  Acttitor^s  Tests  on  Scrc- 
pios\ — -In  order  to  tbrow  liglit  upon  the 
elation  of  the  hindered!  settling  ratio  to 
he  interstitial  ratio,  and  to  bring  out  any 
)ther  facts  which  might  come  to  liglit,  a 
little,  movable  sieve  jig  shown  in  Fig.  313(5, 
ras  designed.  It  consists  of  a  glass  tube, 
f,a,aAf  127  wm.  long,  32  mm.  in  bore, 
rhich  is  cut  at  t,i,  into  two  parts, 
l02  mm.  and  25.4  mm,  long  respectively 
-the  10'^  mm.  being  above  the  sieve;  a 
^isc  of  sieve-cloth,  tj,  is  inserted  between 
Jiem ;  the  part**^  are  held  togt^ther  by  the 
ooden  bars  6,6,  and  the  bolts,  t,e,  with 
lutft^  d4*     Power  is  transmitted  through 

"^e  rod^  Km,  the  beam,  /,  oscillating  upon  a  pivot,  t,  a  connecting-rod,  I.  a  small 

lUey,  m,  with  crank-pin,  a  belt,  fi,  and  n  large  palley,  o,  rlriven  by  a  crank,  ;i. 

riie  cro.^-bar^  /,  and  the  lock-nuts,  g.tj,  arc  used  simply  to  stiffen  the  rod^u.  TWi, 
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jig  18  suspended  in  a  glass  jar,  s,  with,  water  level  at  r.  By  turning  the  < 
f,  an  oscillating  motion  up  and  down  is  ^ven  to  I,  receiTed  by  u,  and  transmitted 
to  the  jig-sieve,  /.(.  The  amount  of  oscillation  may  be  controlled  by  eonneeting 
«  with  J,  by  means  of  any  of  the  holes,  i.  The  smallest  oscillation  was  3.8  muL, 
the  laigest,  15.^  mm.    The  latter  was  preferred  for  the  tests. 

By  means  of  this  jig  and  of  the  pulsion  jig  (Fig.  360),  already  described, 
the  effeets  of  pulsion  and  suction  were  studied  in  three  different  combination^ 
namely,  pulsion  with  much,  with  little,  and  with  no  suction. 

I.  PuUioH  with  Muck  Suction.— m^n  the  jig  (Fig.  366),  is  run  with  the 
glass  tube  elevated  38.1  mm.  above  the  surface  of  the  water  at  the  lowest  pdnt 
of  ita  stroke,  the  jig  operates  during  the  first  few  pulsions  as  a  lift-pump, 
derating  the  surface  of  the  water  within  its  tube  until  the  inside  water-lera 
is,  perhaps,  ;?o.4  mm.  above  the  outside  level,  the  eand-particles  acting  Uke  so 
mukj  little  valves.  Thus  it  reaches  equilibrium,  and,  from  this  time  on,  the 
suction  due  to  the  downward  rush  of  water  must  be  equal  to  the  pulsion  due  to 
the  upward  rush  of  water.  The  whole  bed  of  the  jig  so  run  is  tight  and  on^ 
Bli|^Uy  mobile.  The  strong  suction  compacts  it  more  or  less.  Mobility  may 
be  paitiallv  restored  bv  using  a  long  stroke. 

a.  Pulsion  with  Liith  Suction.— When  the  jig  (Fig.  366),  is  run  with  the 
glass  tube  inundated  to  a  depth  of  2*3.2  nmi.  below  the  surface  of  the  water  at 
the  lowest  point  in  its  stroke,  then,  during  the  downward  movement  of  the 
deve^  a  full  pulsion  movement  is  given  to  the  water  as  it  passes  up  throng  the 
sieve,  and  the  snnd  settles  through  it.  But,  on  the  upward  movement  of  the 
aieve,  the  sand  settles  in  the  sieve,  and  comparatively  little  suction  results  firom 
the  inertia  of  the  water.  The  reason  is,  that  there  is  a  free  discharge  of  the 
water  at  the  top  of  the  glass  tube.  Here  we  have  pulsion  with  little  suction. 
The  whole  bed  of  the  jig  run  in  this  way  is  loose  and  very  mobile.  There  is 
not  enough  suction  to  compact  it.  A  shorter  stroke  su£Sces  for  mobility  than 
in  the  case  of  much  suction. 

3.  Pulsion  with  no  Suction, — When  the  pulsion  jig  (Fig.  360),  is  used  upon 
mixed  sands,  it  matters  not  whether  we  revolve  the  cock  rapidly,  giving  rapid, 
small  pulsions  with  short  intervals  of  repose,  or,  more  slowly,  giving  fewer  and 
stronger  pulsations  with  longer  periods  of  repose — ^the  result  is  the  same.  The 
sands  are  treated  by  pulsion  without  suction.  The  whole  bed  of  this  jig  is 
extremely  loose  and  mobile,  there  being  no  suction  to  compact  it 


TABLE   310.— JIGGING  QUABTZ  AND 

8PHALKRITE    (BLENDB). 

1.7» 
1.785 

l.TW 
1.000 

1.788 
0.006 

1.788 

a«6 

1.766 
0.M1 

i.ns 

TklAivMifAr  of  nl<*iMi#  in  mm 

aior 

Series  1.  wiUimiMdi  Suction. 

Pulsions  iM^ded  for  «*p«*tton 

Percent  of  blende  brouirht  down. 

S.1S9 
96 

1.6?B 

96 

'•'S 

S87 

96 

»8 

90 

90 

Series  S,  with  little  Suction. 

Pulsions  needed  for  sepsmtion 

Percent  of  blende  brought  down 

906 

go 

888 

90 

846 
100 

■^ 

i.reo 

Ina^(^) 

Series  S,  with  no  Suction. 

Pulsions  needed  tor  separation 

Percent  of  blende  brouRbt  down 

147           m 

W                   06 

496 

(c)80 

Inflnitj(5) 
0 

Inanity  (h) 
0 

Inanity «») 
0 

(a)  The  sphalerite  all  floated  up.    (6>  Not  tried;  the  sphalerite  would  undoubtedly  hare  nearly  if  noi  qoito 
all  floated  up.    (c)  No  more  would  come  down. 

In  all  the  tests  upon  jigging  now  to  be  described,  unless  otherwise  stated,  Ae 

stroke  of  the  jig  was  15.9  mm.;  the  layer  of  quartz  was  51  mm,  thick;  the 

layer  of  the  added  m*mcTa\  \o  \5fe  «ft^w^Wd  item  the  quartz,  was  4.76  mm.  deep. 
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and  placed  on  top  of  the  quartz.  A  16-mesh  sieve  was  used  in  the  jig  through- 
out the  test^.  11ie  rate  of  the  pulifation.s  varied  soiuiewhat,  as  will  be  eeeii  by 
reference  to  the  original  paper,^''  but  the  mean  was  a  little  over  300  per  minute* 
|tn  each  Jeet,  tiie  number  of  pulsations  necessary  to  settle  the  heavy  mineral  was 
Dunted,  and  the  percentage  of  the  Intter  settled  was  esti mated  by  the  eye. 
Phese  last  two  values  served  for  comparing  the  tests.  A  high  number  of  pul- 
ions  indicates  difficult  separation;  a  low  number  indicates  easy  separation. 

A  series  of  tests  was  made  with  quartz  and  blende,  to  note  the  beliavior  of  six 
iifferent  sizes  of  blende,  paired  one  at  a  time  with  a  standard  size  of  quartz, 
ader  conditions  of  much  suction^  of  little  suction  and  of  no  suction.  The 
esults  are  given  in  Table  310, 
§  474,  On  examination  of  these  results,  one  sees  first,  that  much  suction  gives 
ery  difficult  separation  on  the  three  coarser  sizes  of  blende,  and  very  easy  on ' 
36  three  finer  sizes.  There  is,  in  fact,  an  extraordinary  break  between  the 
yo  diameters  of  blende,  0.665  mm,  and  0.4f>5  mm*  To  what  does  this  point? 
Jlearly  the  0.495-mm.  grain  is  fine  enough  to  be  rapidly  drawn  down  through 
interstices,  while  0.665  mm.  is  not  The  author  considers  that  this  meas- 
ures approximately  the  size  of  the  interstices  in  quartz  of  L?35-mm.  diameter 
be  0,495  mm.,  showing  the  quartz  grains  to  be  ?t^=3.50  times  as  large  as 
lie  interstices  between  them.  That  is,  the  interstitial  ratio  of  the  quartz  is  3.50. 
The  reader  may  well  my  here  that  there  is  nothing  to  indicate  that  grains  of 
blende  betwe<?n  0.4D5  mm.  and  0.665  mm,  will  not  h^  readily  sucked  down  between 
jrains  of  quartz  1.735  mm.  diameter  and  consequently  that  the  figure  3.50  may 
bj  too  large.  Time  was  not  available  to  answer  this  question,  and  rather  than 
V)  make  any  assumption,  the  author  prefers  to  consider  3,50  as  the  interstitial 
'actor.  An  indication  that  it  may  be  too  large  is  found  in  §  430,  where  the  study 
kf  actual  mill  faoturs  shows  an  average  of  2,9. 

Secondly,  with  no  suction,  the  first  two  sizes  of  blende  show  easy  jigging, 
rhile  the  last  four  make  little  or  no  separation. 

Thirdly,  little  suction  is  much  like  no  suction,  differing  from  it  only  in  tho 
fart  that  on  the  coarse  grains,  jigging  is  not  quite  so  easy,  and  on  the  fine  grains, 
jigging  is  not  quite  so  difficult. 

A  similar  series  of  tests  was  made  upon  quartz  and  galena,  to  note  the  be- 
ivior  of  six  different  sizes  of  galena  paired,  one  at  a  time,  with  a  standard  size 
of  quartz.     The  results  are  given  in  Table  311, 

TABLE    311, — JIOGINO    QUARTZ    AND    GALENA. 
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On  examination  of  thepe  roFulte*  one  pees  that  calena  is  of  8ucli  high  specific 
ravity  nx\(\  the  s^eparation  takes  place  so  easily  lW\  \\\e  TXi\^'*.  \^\^  ^cv^w  ^^Sws^'t 
not  spph  with  the  ^'aIne  force  as  with  i\^e  bVetxiVc  tv\,\iu\  ^«V  ^^^  ^-^c^w^^M 
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corroborate  those  rales  to  let  them  stand  for  hea^y  as  irell  as  for  Iif^t : 
We  notice  little  suction  is  eTerywhere  superior  to  much  suction,  except  on  the 
Tsory  finest  size^  where  much  suction  is  more  rapid  and  more  effective.  No 
suction  is  extraordinarily  rapid  on  the  three  coarse  sizes,  but  falls  away  on  the 
Iburth,  and  breaks  down  entirely  on  the  two  finest  sizes. 

The  author  also  found  that  by  jigging  with  much  suction,  small  grains  of 
qoaiti  (0.495  mm.  and  less),  can  be  drawn  down  through  the  interstices  between 

large  grains  (1.735  mm.),  of  the  same 
mineral  while  jigging  with  no  suction 
forces  them  up  to  the  top  of  the  bed. 

The  author,  in  considering  the  inter- 
stitial ratio,  sought  some  geometrical 
representation  to  picture  the  small  grain 
of  concentrates  passing  through  inter* 
stices  between  the  large  grains  of  quarts. 

FIG.  867?  ^^  ^^^'  ^^^  *^®  diameters  of  the  spheres 

of  quartz  a  a  a,  will  be  6.50  times  uiat  of 
the  ore,  h,  when  the  ore  can  slip  between  the  quartz,  while  the  diameters  of  the 
quartz  spheres,  c  c  c  c,  will  be  only  2.44  times  that  of  the  ore,  d.  The  interstitial 
ratio  obtained  for  quartz,  3.50,  makes  the  space  smaller  than  d,  but  larger  than  (. 

§  475.  Hoppe's  Tests  on  Suction. — Hoppe^"  proved  the  effect  of  suction  \tj 
experimenting  upon  a  full  sized  jig  at  an  earlier  date,  though  the  fact  was  un* 
known  to  the  author  when  making  his  experiments,  as  follows: 

His  jig  had  92  throws  per  minute  of  60  mm.  each  and  a  3-mm.  screen;  on 
this  screen  he  placed  a  bed  of  ealcite,  35  mm.  thick,  composed  of  grains  that 
had  passed  through  an  18-mm.  hole  and  rested  on  a  13-mm.  hole  and  on  the  top 
of  this  another  layer  of  3-mm.  ealcite  35  mm.  thick.  On  starting  the  jig;  the 
whole  of  the  d-inin.  enloitc  vanished  at  the  first  stroke  and  after  a  short  time  it 
had  mostly  passed  through  the  sieve  into  the  hutch.  A  second  experiment  was 
made,  using  r)-nnn.  oaloite  instead  of  3-mm.  for  a  top  layer.  This  became  mixed 
only  gradually  with  the  coarse  bottom  layer,  so  that  at  the  end  of  the  jining 
the  two  layers  were  pretty  uniformly  mixed,  with  the  5-mm.  particles  pc^aps 
slightly  in  excess  near  the  top.  Next,  using  a  throw  of  38  mm.  and  a  3-mni. 
screen,  he  put  on  a  lower  layer  50  mm.  thi(£,  consisting  of  a  mixture  of  13-  to 
18-mm.  ealcite,  of  5-mm.  ealcite  and  of  3-mnL  ealcite.  Upon  this  he  placed 
some  more  of  this  mixture  of  ealcite  to  which  had  been  added  a  mixtuie  of 
similar  sizes  of  galena.  After  100  strokes  or  about  a  minute,  the  miner^  were 
perfectly  separated  into  two  layers,  and  each  layer  had  perhaps  more  coarser 
grains  below  and  finer  grains  above. 

His  final  experiment  was  similar  to  the  last,  except  that  a  mixture  of  all  the 
unfinished  products  of  the  mill  from  18  mm.  downward,  was  added  to  the  top 
layer.  After  100  strokes,  he  found  the  galena  completely  below;  the  blende  and 
other  middle  products  between,  and  the  ealcite  above.  He  concludes  that  this 
would  seem  to  call  for  a  roughing  jig  without  preliminary  sizing  or  classification. 

Hoppe's  work  shows  that  3-mm.  ealcite  can  be  sucked  down  freely  through 
13-  to  18-mm.  ealcite,  while  5-mm.  ealcite  cannot.  Looking  for  the  cause,  we  find 
the  mean  of  13  and  18  mnu  is  15.5  mm.  and  the  diameter  ratios  will  be  respectively 
for  3-  and  5-mm.  grains  ^=5.2  and  ~^=3.1.  The  3-mm.  particle  has^ 
therefore,  a  larger  diameter  ratio  than  the  author's  interstitial  ratio  (3.5), 
while  the  5-mm.  has  a  smaller  ratio,  and  therefore,  should  not  be  sucked  down 
easily. 

§  476.  Author's  Tests  on  Jigoino  Mixed  Sizes. — ^The  author  tried  jig 
mixed  sizes  through  10  mesh,  of  each  of  the  twelve  minerals  of  Table  257,  ] 
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th  quartz.  The  tailings  were  in  every  case  eeparated  jfrom  the  heads,  and 
:ed  on  the  nest  of  sieves  (Table  258),  and  the  per  cent,  of  the  heavy  mineral 
timated  by  the  eye  in  every  one  of  the  sizes.  Tables  of  the  results*^  from  much 
iction,  little  stiction  and  no  suction,  gave  an  idea  of  whether  the  mineral  jigged 
asily  or  not  from  this  point  of  view. 

The  results  of  much  suction,  arranged  in  tabular  form,  showed  that  the  tail- 
ings from  jigging  minerals  heavier  than  arsenop)Tite  were  decidedly  better  than 
the  tailings  from  jigging  that  mineral,  while  the  tailings  from  jigging  lighter 
minerals  were  very  little  worse.    The  author  is  inclined,  therefore,  to  draw  the 
"  ne  between  easy  and  diflicnlt  jigging  at  arsenopyrite.    The  hindered  settling 
,tio  of  this  mineral,  with  respect  to  quartz,  is  3.7,  and  this  would  make  the 
terstitial  ratio  of  the  quartz  equal  that  amount,  which  is  a  little  above  3.50, 
^  interstitial  ratio  nreviously  deduced  in  §  474.     This  interstitial  ratio  will 
ary  somewhat  with  tne  fracture  of  the  quartz  and  also  of  the  heavy  mineral, 
ince  it  is  measured  practically  by  the  ease  wuth  which  the  small  particles  of  the 
atter  pass  through  the  interstices  of  the  quartz. 
It  is  clear  that  suction  ratios  (similar  to  hindered  settling  ratios,  or  inter- 
itial  ratios)  which  sliall  represent  the  ratio  of  the  diameters  of  particles  of 
wo  different  minerals  which  are  in  equilibrium  under  the  effect  of  suction,  can- 
not be  made,  owing  to  the  fact  that  the  ratio  is  a  variable  under  varying  condi- 
tions.   The  only  thing  that  can  be  said  is  that  suction  ratios  will  be  much 
larger  than  hindered  settling  ratios. 

§  477.  Final  Conclusions.— To  sum  up  all  of  the  preceding  tests  on  hindered 
settling  and  suction,  they  clearly  point  to  the  following  rules  of  jigging: 

(1)  For  jigging  closely  sized  products,  to  get  the  highest  speed  of  separation, 
use  as  little  suction  as  the  water  supply  will  permit 

(21  For  jigging  classihcd  products  where  the  hindered  settling  ratio  is  equal j 
or  larger  than  the  interstitial  ratio,  or  in  other  words,  where  the  concentrates  are] 
taller  than  the  interstices  between  the  grains  of  the  gangue,  use  suction.  I 

(3)  For  jigging  classified  products  where  the  hindered  settling  ratio  is  less' 
thaji  the  interstitial  ratio,  or  in  other  words,  where  the  concentrates  are  larger 
than  the  interestices  between  the  grains  of  gangue,  u?e  suction. 

(4)  For  jigging  mixed  sizes  and  gravities,  natural  products,  or  products  not 
closely  sized,  suction  is  suitable,  as  no  suction  fails  to  save  the  finer  sizes. 

The  amount  of  suction  required  in  each  case  must  be  studied  out  upon  the  spot, 
n  general.  No.  3  will  probably  require  a  little  less  suction  tlian  No.  4,  and  No. 
a  little  less  than  No.  2^  In  this  connection  see  §  455  in  regard  to  the  effect  of 
suction  in  hardening  the  whole  bed. 
^_^  The  degree  of  sizing  needed  as  preparation  for  jigging,  if  we  are  looking  for 
^Hhe  moat  perfect  work,  depends  solely  upon  the  hindered  settling  ratio  of  the 
^Buinerals  to  be  separated.  If  the  ratio  is  above  3.6  (assuming  this  value  to  be 
^Bufficiently  proved),  then  sizing  is  simply  a  matter  of  convenience.  The  fine 
^^eliraes,  should,  of  course,  be  removed;  and,  if  it  is  more  convenient  to  send  egg- 
size,  nut-size,  pea-size  and  sand-size,  each  to  its  own  jig,  the  suitable  screens 
should  be  provided  for  this  purpose^  and  a  hydraulic  separator  for  grading  theJ 
finer  sizes.  But  if,  on  the  other  hand,  the  ratio  is  below  3.5,  then  the  jigging^i 
of  mi.ted  sizes  cannot  give  perfectly  clean  work,  and  the  separation  will  te  ap- 
troximate  only.  To  effect  the  most  perfect  separation,  close  sizing  must  be 
lopted^  and  the  closer  the  sizes  are  to  each  other,  the  more  rapid  and  perfect 
ill  the  jigging  be.  There  may  be  conditions  where  the  jigging  of  mixed  sizes 
I  ihiis  class  will  be  considered  sufficiently  satisfactory,  as  an  expedient,  under 
'  e  circumstanres. 

In  the  light  of  the  foregoing  work,  it  is  not  possible,  owin^  to  t\ve.  ^^TNafc^Vs*! 
effect  of  FuctioD,  to  calculate,  theoreticaWy,  m^^  «»\ft?>  -^V^O^x  ^<k^rs^^ ^x^sti. '^ioft. 
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ffff,  witfa.  peni:!-.*.  ^  f .  ^fmciuiiL  ^n*i  pr:v:.*e4£  wr±.  'Je* 
fiists  fiir  tkri'y.iz  ta#=:m  izit.-j  z«air  d:i>i  ^ar  :f  j^ar.  sen* 
M  menrvi  T^r:.r:al  3i»:r:r.n  iprn.  :Jii»  pa^^r.    T!ii*  I'^Jscfsa* 

fnp  tff  tiK  pluxijr^r  iii<i  ^niLfmiTr.:::;  :hjf  itsciILi-*:!!^  of  the  liner  W  a  bori- 
ralsl  beuA.  i^  oiii^ilLiriiiz  ip<:c  it.-?  c-iai^r  ptvLn^  ;.  a;^  a  oetoc  to  one  of  Ae 
r«e0riiiig  rod>.  <„  WlLea  cb;  plTin^r  zuo^^  'lown.  its  vmdl  icrords  u  ip- 
waid  mrjftiocL  aryi  cTi«:<?  r^rw.  To  2*?t  me  '.Tmr^  of  the  forfaep  of  die  vdfr. 
a  dab  of  ooric  /,  2-54  mm.  «q^:ai^  ord  :2o  mm.  thi'i-k.  i«  titoated  vpan  it  and 
attMbsd  to  rh*:  -rhf:r  r»rrrrd::ix  rr^d.  '?.^.  dir^t.  H-rw  th»*  motion  of  die  penril  k 
th*  Mm<  a."?  th.t*:  •■.f  the  Ti>r.  Pr.'r  z^rr-r  :f  :h»r  top  IiTrr  of  q-aartz  sand  is 
^btainei  fcv  pLirir.z  on  the  ^and  a  p:e:e  of  -"i^r-r^r-^zVch  a  little  finer  in  mesh  than 
th*  gninc  of  ^iU/irtz.  This  piUates  up  ir:«i  dovn  w-lth  the  sand*  and  wben  ewi- 
Ti^fjfAto  one  of  nhi*  recording  rodi.  <?,-  give*  tht  curve  of  the  qnartz.  The  cnire 
of  tbs  on*  bed  which  underlies  the  quiirtz  maj  he  ':-bcained  bj  sinking  the  |»ece 
of  khriHilath  to  the  desired  depth  and  atta^zhing  it  to  the  recording^^rm,  *i- 

Fonr  cnrwj**  are  thus  obtained :  that  of  the  plunger,  marked  P  on  the  diagrams; 
that  of  the  water,  marked  W;  that  of  the  quartz  or  rock,  marked  R;  and  that 
of  the  ore  bed,  marked  0.  The  diagrams  are  shown  in  Figs.  369  to  330  inda- 
fiive,  all  of  which  are  drawn  to  scale. 

In  the  actual  performance  of  the  tests  two  curres  only  are  taken  at  a  time, 
namel7:  thm^.  of  the  plimger  and  the  water;  tho^  of  the  nlunger  and  the  qnarta 
or  rock ;  and,  finally,  those  of  the  plunger  and  the  ore  bea.  The  diagrams  have 
been  confltructed  by  combining  these  curves.  In  this  operation  it  was  necessaiy 
to  hare  isome  standard  by  which,  for  example,  the  rock  curve  and  the  ore  curve 
could  he  f?uperpo«d  upon  the  water  curve.  Such  a  standard  was  found  in  the 
parallel  plunger  curves  that  went  with  each.  Again,  the  superposed  curves 
would  often  come  longer  or  shorter  than  the  water  curve.  In  that  case  a  new 
curve  was  nketched,  making  the  deviation  on  the  abscissa  proportional  to  the  dis- 
tance from  the  starting  point. 

The  curves  here  recorded  were  taken  upon  two  classes  of  jigs  anly,  namely, 
thofie  with  accelerated  pulsion  and  retarded  suction,  and  those  with  equal  pulsion 
and  suction. 

Ohservations  were  made  upon  forty-one  jigs,  of  which  curves  from  twelve  are 
Iiere  given  in  Figs.  3f>9  to  380.  In  studying  the  curves  one  sees  at  once  the 
d"  between  the  water  curves  of  the  plain  eccentric  jigs  (Figs.  369  to  3T3), 


369, — MILL  39,  JKi  NU.  i.  hlZL  OF  GRAINS,  54  TO  38  KM.;  THBOW  OP 
PLLTNGER^  4  J  IKCHBiS;  TllkOWg  I'KR  MINUTE,  140  I  ARE.V  OF  PLUNGER,  24X48 
Ii>»CH£8;  AJiEA  OF  SIEVE,  24X48  inches;  8IKTE,  9.5  MM.  ROUND  HOLE, 

The  objection  wliit-li  luis  h^n  ndvanccd  ag&iu.<t  Ihe  Ilarz  jig,  that  it  haa 
an  accelfrnt»:d  vplocity  up  to  mid-stroke,  and  then  a  retarded  velocity  to  the  end. 
U  shown  to  hv  of    '     '  onnt.     Thif  curves  a\-     '        \\c\^  \v\\\Ov\  vA  ^^^sfc  ^twE\Kxvv5v 

0t  the  plnngi^r  is  [  to  \hi.t  water,  VW  x^  Vvu^VsA^  Qr«Vcv^\>i  ^>**-. 
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fVk  870. — ^M IlL  38.  JIQ  NO.  9.      SIZE  OF  GRAINS*  22.8  TO  9.5  XIC ;  THBOW  0? 
FLUVQCR.  1.T7  inches;  THROWS  PER  MINUTE,  174;  AREA  OF  PLUKOBR,  24X31 

nccHEs;  AKE.v  OF  SIEVE*  :?4x36  inches:  sie>%  7.94  mm.  squarb  holb. 


371. — mill  ;u\  jig  no.  4.    size  of  grains*  7  to  5  mm. ;  throw  of  plungib, 
1.25  inches;  throws  per  minite*  150;  area  of  plunqer,  17X32  ikchb; 

AREA  OF  SXEVBy  15X30  INCHES;  SIEVE,  0.89  MM.  SQUARE  HOLE. 
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¥10.  372. — MILL  39*  JIG  NO.  7.      SIZE  OF  GRAINS  (3D  SFIGOT  OF  ClAEBIFIElV  44 
JfM.    TO   0.      THROW    OF   Vl-T^^TSU  ^A*X   Y^CHtTHROWS   PEE    HIXTTB*   200; 

«RA  OP  PtrxoEa,  1SX3\  isckb&\  KB&k  w  «aB«v'>5k"*-'^^s:cHB;  sieve, 
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HiQ.  373. — MILL  39,  JIG  NO.  8.  SIZE  OF  GRAINS  (4tH  SPIGOT  OP  CLASSIFIER),  4 J 
MM.  TO  0  ;  THROW  OP  PLDNGEH,  0.28  INCH  ;  THROWS  PER  MINUTE,  210  ;  AREA 
OF  PLUNGER,  15X31  INCHES;  AREA  OF  SIEVE,  15X31  INCHES!  SIEVE,  1.04  MM. 
SQUARE  HOLE. 
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to.  374. — MILL  28,  JIG  NO.  3.  CRANK-ARM  ACCELERATED  JIO  ;  SIZE  OF  GRAINS, 
16  TO  13  MM.  ;  THROW  OF  PLUNGER,  1.42  INCHES ;  THROWS  PER  MINUTE,  ISl  ; 
AREA  OF  PLUNGER,  18X'^5  INCHES;  AREA  OF  SIEVE,  18X29  INCHES;  SIEVE, 
4.75  MM.  SQUARE  HOLE. 


gg' 
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.      PIG.  375. — MILL  28,  JIG  NO.  6.      CRANK-ARM  ACCELERATED  JIO ;  SIZE  OF  GRAINS, 
^H  5  TO  3i  MM.;  THROW  OF  PLUxVGER,  1.07  INCHES;  THROWS  PER  MINUTE,  138; 

^H         AREA  OF  PLUNGER,  18X25  INCHES  ;  AREA  OF  SIEVE,  18X29  INCHES  ;  SIEVE,  1.04 
^H        MM.  SQUARE  HOLE. 

clearance  of  the  plunger,  and  the  frictional  resistance  of  the  screen,  the  bed, 
and  the  ^ 

Fetttni'  resemblance  run  throuffh  all  the  figures.    If»  for  example, 

refer  to  Figs,  3t>9  and  371,  we  gee  that  the  cycle  natnrally  divides  itself  into 
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FIG.  376. — MILL  28,  JIG  NO.  9.  CRANK-ARM  ACCELERATED  JIG;  SIZE  OF  0BAIN8 
(IST  SPIGOT  OF  classifier),  2  MM.  TO  0;  THROW  OF  PLUNGER,  0.51  INCH; 
THROWS   PER   MINUTE,    135;   AREA   OF   PLUNGER,    18X29    INCHES;   ABBA  OF 

SIEVE,  18X25  inches;  sieve,  3.18  square  hole. 


FIG.  377. — mill  28,  jio  no.  12.  crank-arm  accelerated  jig;  size  of  grains 
(4th  spigot  of  classifier),  2  mm.  to  0;  throw  of  plunger,  0.27  inch; 
throws  per  minute,  180 ;  area  of  plunger,  18X29  inches;  abba  op  sieve, 
18X25  inches;  sieve,  1.04  mm.  square  hole. 


fig.  378. — mill  27,  jig  no.  5.  crank-arm  accelerated  jig  ;  size  of  grains, 
10.3  TO  8.3  mm.;  throw  of  plunger,  1.38  inches;  throws  per  minute, 
le30;  area  of  plunger,  17JX24J  inches;  area  of  sieve,  16X23  inches; 

SIEVE,  1.57  MM.  SQUARE  HOLE. 

four  periods :  the  first,  a,  is  pulsion ;  the  second,  b,  is  the  return  of  the  heavy 
ooncentrates  to  the  sieve ;  the  third,  c,  is  the  period  of  suction ;  and  the  fourth, 
d,  is  the  period  of  idleness. 

In  regard  to  the  period,  a,  the  diverging  of  the  lines  shows  that  the  gangue  is 
rising  more  slowly  than  the  water,  and  the  concentrates  more  slowly  than  the 
gangue.  The  effect  is  the  same  as  if  the  mineral  particles  are  settling  in  water 
in  a  mass.  Tt  is  clear  therefore  that  the  particles  are  being  treated  throughout 
this  period  according  to  the  law  of  hindered  settling. 
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Fia.  371). — MILL  44,  JIG  NO.  2.      COLLOil   ACCKi.EilATED  HAMMER-DRITEN  SPRING- 
KBTUfiN   JIO;  SIZE  OF  GRAINS    (IST   SPIGOT  OF  CLASSIFIER,   SECOND  SrEVE   OF 

Jio)  4.76  MM,  TO  0;  THROW  of  plunger,  0.51  inch;  throws  per  minitte, 

134;   AREA   OF   PLUNGER,   22X17   INCKES ;   AREA   OF   SIEVE,   22X32    INCHES; 
6IEVB,  1.73  MM.  SQUARB  HOLE. 
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FIO.  380. — MI1.L  42,  JIO  NO.  2,  COLLOM  ACCELERATED  HAMMER-DRITEN  SPRING- 
RETURN  jig;  SAND  (1st  SPIGOT  OF  CLASSIFIER),  HAS  BEEN  TllHOFGH  A 
SCREEN  WITH  4.76X9.25  MM.  SLOTS;  THROW  OF  PLUNGER,  1  INCH;  THROW?< 
PKR  MINUTE,  130;  AREA  OF  PLUNGER,  22X17  INCHES  J  AREA  OF  SIEVE,  22X34 
INCHES  ;  SIEVE,  8-ME8H  SQUARE  HOLE- 

In  regard  to  the  period,  h,  the  lines  are  all  nearly  parallel.  In  some  of  the 
^res  (hey  indicate  that  the  water  at  first  moves  downward  slightly  more 
ipidly  than  the  gangne  and  concentrates,  but  that  later,  the  ganguc  and  con- 
pntrates  catch  up  and  move  down  a  little  faster  than  the  water.  Rittinger^ 
ceeleration  may  be  taking  place,  together  with  suction  during  the  first  portion 
f  this  period  while  in  the  second  portion,  hindered  settling  is  again  at  work. 

The  period,  c,  is  that  in  which  the  main  work  of  guction  takes  place.  It  is 
Bre  that  the  water  passes  Aown  through  the  interstices,  not  only  between  the 
rains  of  coarse  concc»ntrates»  but  aL?o  between  the  grains  of  gangiie.  m  that  any 
nail  particles  of  heavy  mineral  which  were  left  by  pulsion  in  equilibrium  anil 
Jjaeent  to  large  particles  of  gangue,  are  sucked  down  through  the  interstices 
>ward  the  hutch,  niore  or  lesB  rapidly,  according  a8  they  are  of  smaller  or  larger 
diameter  compared  with  the  gangue  particles. 

d,  is  a  period  of  idleness  which  occurs  on  some  jigs  but  not  on  others.  If  very 
tiort,  it  is  due  to  the  slo^nng  down  of  the  plunger  at  the  end  of  the  stroke. 
ff  longer,  it  is  due  to  the  dii^appea ranee  of  the  water  below  the  surface  of  the 
bed.     In  this  ease,  suction  may  still  be  going  on  at  the  bottom  of  the  bed. 

In  Table  312,  the  velocity  of  the  water  during  pulsion  and  the  percentage 
of  the  whole  time  of  a  stroke  which  is  spent  in  each  of  the  four  periods,  have 
len  computed  from  the  curves.  The  figures  on  percentages  show  more  or  less 
regularity,  due  partly  to  irregularities  in  the  curves,  partly  to  the  varying 
nounts  of  hydraulic  water  used,  and  partly  to  difficulties  in  estimating  accu- 
itely  the  length  of  each  period,  so  that  no  results  are  to  be  obtained  from  com- 
iring  individual  figures.     By  taking  averages  for  each  of  the  two  clashes,  how- 
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TABLE   312. — MEASUREMENTS   OP   JIGS   AND    CURVES. 

Abbcevlatk)ii8.— h.=huteh  of;  hy.  cl.= hydraulic  daasifler;  In.— Inches;  No.=Number;  Or.sOrenin  of; 
SecsSaooods;  Bp.sspigotof;  tr.=trommel. 


ftoductFed. 


Area  of 

Sieve  in  the 

Clear. 


Siieof 
SteveHolee. 


I  f 

CD 


>o 


^«    i  Percentage  of  Stroke fbr 


PuJ- 


Re- 
turn. 


Sue. 


idle- 


Plain  Eccentric  Jigs. 

liicbea. 

Hm, 

In. 

Sec. 

In. 

m 

Ot.  No,  S  tr„  ^A  to  a.7mm,.. . 

J  7x30 

e.4 

D.flS 

»40 

0.^ 

S.38 

*a.07 

aO.es   3D.B 

t.m 

Sp.  No.  1  hy.  gl.,  1 ,5  mm.  toO. . . 

Hiao 

l.€2 

O.lfl 

40f) 

0.150 

S.M 

4S.7 

».&    ii.eoiT.1 

m 

lit  flp.  No.  1  Uy  cL,  3  mm.  to  0. 

lfiiS4 

0.80 

0,8ft 

im 

0,3QS 

83.18 

fi2.ia 

30.43  IS  Jl 

m 

From  No.  sJ  trLwrimtfl.  7  to  &  mm 

lefiss 

0.80 

1.44 

150 

0.4410 

4.88 

44.77 

».sr 

«3,43 

8,81 

l8t  «p.  No,  I  by  cL.  3  mm,  to  0. 
0^.  Ko.  2  tr.,  SB  1  to  iJ3.2  mm.. 

18x32 

uor 

o.ee 

loa 

0.370 

4.00 

42.37 

44.0; 

]S.« 

0.0 

m, 

"r,.g 

7.M 

e.60 

les 

0.304 

ll,W 

soo 

18.6 

81,4 

0,0 

Ov.  No.  a  It.,  S-JJ  to  %B  mm,  -  - 

7.W 

t.(J5 

1T4 

0.»to 

&.I1 

4RM 

S4.S 

2*5 

4.4 

Ot,  No.  B  tr.,  5  to  2.5  mm 

S,5« 

1.06 

180 

0.333 

O.M 

49  .SS 

19.5 

^M 

SIS 

lititp.  No.  1  hy.  d  ,  2.5  mm.toO 

1B§  x^\k 

S.Efi 

O.TS 

19S 

o.aii 

1.71 

50.0 

44.5 

fi.5 

0,0 

4th  ap.  *ame,  S.5  mm.  tf i  C . . . , 

1891x38  %  1 

1.47 

o.ao 

19B 

o.mi 

e.Tfl 

I5.S& 

la.es 

Sft.ft 

9,5 

m 

FromNo.  Ur,M,Otoitti.l  mm. 

£  x4S 

0.53 

4.35 

;    140 

0.43&18,I» 

44.9 

1ft  .4 

33. S 

8.4 

From  No.Str,,  38. 1  to  15  mm... 

&4i4a 

e.o 

4.15 

liO 

0.43» 

10.® 

48.46 

17.CB 

83,0 

IJ 

Ot.  No.  3  tr.,  15  to  a.  B  tiun, .  - . . 

17iH»      ' 

a.GS 

s.ao 

140 

0.499 

^.m 

44.0 

n.o 

0.0 

e.D 

Oi^.  Ko.  4  tr..  e.5  to  4 .6  mm 

Istsp.  No  Ihy.  ei,,15mm.to0 

Ifi^l 

a.«7 

a.OD 

m 

0.875 

7.K 

41.7 

12.15 

ao.K 

>.ft 

I5iai 

2,m 

I.IB 

laa 

0.^ 

4  74 

61,4 

n.TS 

f.T 

iSiSl 

2.m 

i,«fl 

ISO 

o.aas 

3.87 

4a  .28 

^.13 

aoj 

8.a 

l«t  Bp.  No.  S  by.  cL,  J.B  mm.  to  0 

Ifilfll 

IM 

0.4S 

aoo 

o.»o 

3  IS 

4fl.«S 

10.7 

MM 

8.ff 

Sd  BP.  Kim«^  4.5  mm.  to  0.  ^ , , . . 
Ot.  No.  a  tr„  7 to 4.B mm. ..... 

ifiiai 

1.04 

0.80 

210 

0.2m 

1.44 

4«,& 

iir.tti 

mM 

4.S 

40 

^i9B 

&.«d 

l.OB 

160 

o.m 

0.04 

41.8 

u.w^ 

9.«r 

8.7 

8p.No.  Ihy.  i^L.SmtD,  toa... 

eaz35 

1.S0 

'0.57 

210 

o.m 

4.81 

43.98 

88,0 

».S8|  0.0 

Crank-arm  Accelerated  Jigs. 


dOr.  No.  6  tr.,  10.8  to  8.8  mm 

1  From  No.  Itr.,  40  to  2.5  mm.... 
8  From  No.  1  tr.,  85  to  16  mm.... 
8  Or.  No.  8tr.,  16 to  12  mm 

4  Or.  No.  4  tr.,  12  to  8  mm 

5  Ot.  No.  5  tr.,  8  to  5  mm 

6  0t.No.  6tr.,5to3.5mm 

7  0t.  No.  7  tr.,  8.5  to  2  mm 

8  Ot.  No.  9  tr.,  3.5  to  2  mm 

0  iBtBp.  No.  1  hy.  cl.,  2  mm.  to  0. 

10  8d  spigot  of  same,  2  mm.  to  0.. 

11  8d  spigot  of  same,  2  mm.  to  0. . 
12j4th  spigot  of  same,  2  mm.  to  0. 


16x84 
18x84 
18x84 
18x89 
18x29 
18x29 
18x29 
18x29 
18x29 
18x29 
18x29 
18x29 
18x29 


l.W 
4.75 
4.76 
4.7B 
8.18 
3.18 
1.04 
0.89 
1.04 
3.18 
8.18 
1.04 
1.04 


1.88 

180 

0.462 

8.40 

96 

0.621 

2.08 

106 

0.571 

1.58 

181 

0.496 

1.88 

123 

0.488 

1.18 

182 

0.455 

1.07 

138 

0.435 

0.80 

183 

0.451 

0.70 

133 

0.451 

0.50 

185 

0.444 

0.85 

141 

0.426 

0.32 

163 

0.368 

0.28 

180 

0.383 

8.96 

83.8 

87.88 

9.66 

25.6 

24.6 

18.25 

86.8 

85.0 

10.40 

27.0 

Si.O 

8.73 

88.6 

88.8 

11.78 

28.5 

85.8 

10.70 

31.4 

88.6 

7.53 

25.7 

48.5 

6.91     25.8 

33.9 

4.45     31.8     4S.4  1 

2.77 

34.6 

48.6 

4.36 

34.6 

56.8 

3.88 

24.2 

SO.O 

88.58  6.88 


5.8 

46.0 

t.8 

85.8 

85.0 

80.0 

18.8 

87.0 

4.6 

2.8 

0.0 


44.7 
f.6 
8.8 

18.8 
16.8 
10.0 
7.6 
8.8 
15.2 
18.9 
9.1 


0.0  S5.8 


Collom  Accelerated  Jigs. 


8  let  Rp  No.  1  by.  cl..  0.4  mm.  to  0 
8  2d  splj^oL  of  Esjiintf,  6.4  mm.  to  0 
4  8d  Bpjfcrjt  uf  ^aniP,  0.4  mm.  to  0' 
6  Uh  tplgot  of  oame,  6.4  ujm.  to  0 
1  Bi^tetT  reHlduf)  ot  steam  stamp 
76.2  mm.  to  0, ............... . 

f  lit  Bp.  No.  I  hy.cL,  4. 75  mm.  to  0 
0  id  h:  No.  2  jig.  1.73  mm.  to  0. . . 


23x84 
^xSI 
%X34 

22x34 

22x»l 

2ax»4 

22xS4 


4meflb. 

Bmeeh. 
10  m**h. 
l2m«9K 

12.7 
2.29 
1.78 


8.89 
3.03 

s.ae 
5.e? 

4.80 
4. S3 

30.43 
31,2 

27. W 

34,2 
30.17 

24.0 

31.2 
34,85 

25.8 

11.07 
14.2 
6.0 

43.18 
Si.4 

46.8 
41.8 

50.0 

5S.0I 

68.83 

0.71 
O.M 
0.85 

12& 
134 
184 

0.40» 
0.4« 
0.44a 

Si 
00 
1.41 

4.1s 

0.0 


(a)  This  is  the  Telocity  during  pulsion,  expressed  in  inches  per  second, 

ever,  as  shown  in  Table  313,  the  following  important  differences  between  the 
plain  eccentric  and  the  accelerated  jig,  seem  to  appear: 

TABLE  313. — AVERAGES  FROM  TABLE  312. 


Kind  of  Jig. 

Average  Percentage  of  Stroke  for             | 

Pulsion. 

Return. 

Idlenett. 

45.16 
28.63 
29.98 

84.18 

88.48 
19.46 

M.61 
19.80 
48.14 

6.U 
18.85 
&49 

Crank-arm  accelerated 

Collom  accelerated 

(1)  In  the  accelerated  jig,  the  sum  of  the  times  spent  in  periods  of  letain 

and  suction,  is  10  to  20%  greater  than  in  the  plain  eccentric  jig,  and  therefore, 

the  water  is  passing  down  through  the  sieve  at  a  much  more  gentle  velocity.    The 

accelerated  jig  draws  almost  as  m\xe\v  \N^\.vii  vior^Ti  ^^  nXnr.  ^Win  eccentric  jig,  but 
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It  draws  it  down  at  a  gentle  velocity  which  lius  les8  tendoncy  to  "felt'  tlie  sand 
together  in  a  hard  cuke,  and  has  Icsg  tendency  to  blind  the  sieve.     The  harsher 

"^  action  at  the  eccentric  jig  may  of  course  he  softened  by  the  free  use  of  hydraulic 
rater  where  that  is  abundant.  In  reality  the  liydraulic  water  lessens  suction  a 
little  more  m  the  accelerated  jig  than  in  the  plain  eccentric. 

(2)  The  time  for  pulsion  in  the  accelerated  jigs  is  about  15%  less,  and,  con- 
BGquently,  the  velocity  of  pulsion  is  decidedly  higher  than  in  the  plain  eccentric. 
There  is  no  advantage  in  this  of  itself;  in  fact  if  extreme  speed  is  given  to  the 
jig,  there  is  a  decided  disadvantage,  as  it  both  shortens  the  time  of  pulsion  and 
racks  the  machinery. 

(3)  The  time  of  idleness  is  about  5%  larger  in  the  crank-arm  accelerated 
jig«  than  in  the  plain  eccentric  jigs. 

(4)  Pulsion  is  not  free  getrling.  The  velocities  in  Table  312  demonstrate  the 
fact  that  the  law  of  free-settling  particles  has  no  bearing  upon  jigging,  unless 
it  may  apply  in  the  case  of  a  few  stray,  floating  grains  on  the  surface  of  the  finest 
jigs ;  for,  on  the  one  hand,  the  current  was  in  no  ease  strong  enough  to  lift  the 
particles  according  to  the  free-settling  law,  and,  on  the  other  hand,  the  particles 
were  not  under  free-settling  conditions,  even  if  the  current  had  been  strong 
enough. 
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12.  Kirsctuier,  L.,   (1899).  ''Erzaufbereitung,"  Part  IL.  pp.  23,  74.     Movable  sieve  hand 

jig.     Harz  jig  for  coarse  and  fine  work.     Bilharz  rectangular  and  circular  move- 
able sieve  jigs. 

13,  Kunhardt,   W,  B.,    (1893),  "Ore  DreRsing,"  pp.   26.   68,  92.    Harz  jigs  for  coarse 

and  fine  work.     Theory.     Comparisons  with  other  machines. 
U.   Lampreeht,   R.,    (1888).   **Koh]enaufbereituiig/*   pp.   47,   50,  59.    Various  types   of 
coarse  and  fine  jigs  for  coal. 

15.  Linkenbach,  C,   (1887),  "Aufbereitung  der  Erze,"  pp.  62,  86.      Theory.      Harz  jigi: 

for  both  coarse  and  fine  work. 

16.  Lock,  A.  G.,  (1882),  **Gold/'  p.  1082.  Comparison  of  Harz  and  Bradford  jigs  on 
gold  ore. 

17.  Rittinger,  P.  K.  von,  (1867),  "Aufbereitungsktinde,"  pp.  165,  270.  Theory.  Mov- 
able sieve  jigs.  Fixed  sieve  jigs  with  side  plungers  and  tinder  plungers.  Hefe- 
pumpe. 

J8,  Ibid,    (1870).  *'Er8ter  Nachtrag/*  pp.    18.  49.     Theory.     SeUpumpe.     Harz   jig. 

19,  Ibid,,  (1873),  '*ZweiU*r  Nachtrag,"  p.  32.  Theory.  Harz  jiga  for  coarse  and  fine 
work.     Movable  sieve  jig. 

20.  Roue,  T.  K„  (1894),  "Gold,"  p.  181.     Harz  jigs. 
Sparre,  J.  von,   (1869)^  CriticiBms  of  Rittinger's  theory. 

•  For   Pneumatic   jig«,   see   Chapter  XVUL.   on  Miscellaneous  ?\^y»»»»^. 
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22.  Am,  Inst.  Min.  Eng.,  Vol.  II.,   (1873),  p.  31.    H.  Engelmann.    Discussion  of  air 

verBUs  water  jigging.  Description  of  Utsch  side  plunger  jig  which  has  a  sloping 
sieve  and  cross  partitions  beneath  which  the  stuff  moves  forward,  the  lighter  top 
stuff  being  drawn  oil'  between  each  partition.  Capacity,  water  used  and  results 
obtained. 

23.  Ibid,,  Vol.  v.,    (1877),  P.  593.     C.  M.  Rolker.     Detailed  description  of  the  CoUom 

jig  and  the  work  done  oy  it  at  Lake  Superior. 

24.  Ibid.,  Vol.  VI.,  ( 1877 ) ,  p.  484.     J.  C.  F.  Randolph.     Description,  adjustments,  capacity, 

etc.,  of  Harz  jigs  used  at  Clausthal  on  various  sizes  of  material. 

25.  Ibid,,' Vol.  Vlll.,  (1880),  p.  409.     H.  S.  Munroe.     Discussion  of  the  losses  in  jigging 

native  copper  at  Lake  Superior,  with  figures  on  capacity  and  number  of  strokes. 

26.  Ibid.,  Vol.  IX.,    (1881),  p.  420.     Ellis  Clark,  Jr.     Various  details  of  construction, 

adjustments  and  power  tor  Harz  jigs  working  different  sizes  of  stuff  at  Przibram; 
also  of  a  movable  sieve  jig. 

27.  Ibid.,  p.  468.     S.   Stutz.     Theoretical   discussion  of  water   separation.     DescripiioB 

of  several  forms  of  coal  jigs  with  sloping  sieves,  plungers  driven  by  a  cam,  and 

valves  so  arranged  as  to  prevent  any  suction.  Figures  on  capacity  and  water 
used. 

28.  Ibid.,  Vol.  XIL,   (1884),  p.  497.     S.  Stutz.     A  few  improvements  are  given  on  the 

coal  jigs  of  the  previous  article  and  the  advantages  of  the  same. 

29.  Ibid.,  Vol.  XIIL,    (1884),  p.   35.     A.   F.   Wendt.     Description,  capacity  and  power 

of  a  Wendt  jig  which  is  a  side  plunger  jig  having  an  accelerated  motion  through  s 
pair  of  elliptic  gears. 

30.  Ibid.,  Vol.  XVI.,  (1888),  p.  600.     F.  S.  Ruttmann.     Detailed  description,  capacity  and 

water  used  on  the  Conkiing  movable  sieve  jig. 

31.  Ibid.,  Vol.  XVII.,    (1889),  p.  637.     H.  S.  Munroe.     Result  of  experiments  to  deter- 

mine the  effect  of  interstitial  currents  on  separation  by  jigs  and  discussion  of 
the  closeness  of  sizing  needed. 

32.  Ibid.,  p.  669.     11.  S.  Munroe.     Description  of  Parson's  jigs  used  at  Bonne  Terre  with 

adjustments,  capacity,  water  used,  sizing  tests,  discussion  of  the  quality  of  their 
work  and  comparison  with  Collom  jigs  at  Lake  Superior;  also  sizing  tests  and 
adjustments  of  Harz  jigs. 

33.  Ibid.,  Vol.  XVllI.,    (1889),  p.  257.     H.  E.  Armitage.    A  few  notes  on  the  adjust- 

ments of  jigs. 

34.  Ibid.,  Vol.  XIX.,   (1890),  p.  420.     E.  B.  Coxe.     Detailed  description  of  Luhrig  coal 

jig  as  used  at  Drifton,  Pennsylvania.  It  is  a  sliding  block,  accelerated,  fixed 
sieve  jig,  fed  iit  the  longitudinal  partition  and  discharging  coal  mechanically  over 
the  side. 

35.  Ibid.,  Vol.  XXII.,   (1893),  p.  326.     Jas.  Douglas.     Statement  that  Harz  jig  is  most 

popular. 

36.  Ibid.,  p.  569.     W.  P.  Blake.     Results  obtained  from  the  application  of  jigs  to  the 

treatment  of  roasted  blende  and  pyrite. 

37.  Ibid.,  Vol.  XXIV.,    (1894),  p.  80.     F.  M.  F.  Cazin.     Theoretical  discussion  of  jig- 

ging. Description  of  Cazin's  circular  jig  which  has  an  annular  sieve  and  a 
central  plunger,  both  divided  into  eight  independent  sections.  The  ore  is  fed  on 
one  section  and  from  thence  the  lighter  part  passes  around  one  way  over  the  tail 
boards  of  three  sections  in  succession  and  is  discharged,  while  the  heavier  part 
passes  around  the  other  way  under  the  tail  boards  of  four  sections  in  succession 
and  is  discharged. 

38.  Ibid.,  p.  409.     R.  H.  Richards.     Results  of  experiments  to  determine  the  laws  of 

jigging'. 

39.  Ibid.,  p.  486.     P.  G.  Lidner.     Sizes  of  feed  and  adjustments  for  jigs  in  Sweden. 

40.  Ibid.,  Vol.  XXVI.,  (1896),  pp.  3,  1034.     R.  H.  Richards.     Indicator  cards  of  various 

jigs  throughout  the  country. 

41.  Ibid.,  p.  278.     E.  G.  Tuttle.     Description  of  an  arrangement  for  tail  discharges  on 

all  the  sieves  of  a  Harz  jig. 

42.  Ibid.,  p.  284.    E.  G.  Tuttle.    Description  of  an  arrangement  for  double  discharge 

on  the  tail  of  a  jig. 

43.  Ibid.,  p.  623.     C.  W.  Goodale.     Discussion  of  the  losses  in  jig  tailings  at  Butte  and 

the  causes  thereof. 

44.  Am,  Mfr.,  Vol.  XLIV.,    (1899),  ,Tan.   18.     No  author.     Description  of  the  Diescher 

coal  jig  which  has  its  piston  beneath  the  sieve  and  valves  in  the  hutch  to  prevent 

suction.     Capacity  and  cost  are  given. 
46.  Ibid.,  Vol.  XLIX.,   (1891),  July  3,  p.  15.     No  author.     Description  of  McLanahairt 

ore  jig  with  fixed  sieves,  circular  side  pistons,  and  valves  in  the  hutches  to  pw- 

vent  suction. 
46.  Ibid,,  VoL  UV.,  il894>,  p.  916, 
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inn.  d€$  Mines,  Series  VL.  Vol,  XIX.,  (1871).  pp.  31T,  334..  A.  Henry;  General 
article  on  practice  in  Belgium  and  the  Rhenish  provinces,  describing  variouB  forma 
of  jiga  and  discussion  of  their  adjustments,  capacities,  etc. 

/^id.,  Series  VIL,  VoL  II.,  (1872),  p.  130.  A.  Pernolet,  DeUiled  description  and 
results  obtained  by  the  Rexroth  coal  jig,  which  is  a  side  plunger  jig  with  water 
introduced  below  the  plunger  and  valves  to  prevent  auction;  also  of  the  Siever  coal 
jig  and  of  the  Lamarche  and  Schwara  jig  for  fine  coal,  which  uses  a  quartz  bed. 

Ihid.,  p.  271.  A.  Henry.  Description  of  Hart  eccentric  jiga  used  at  Prsibrami  with 
adjustments,  water,  capacity  and  power. 

Ibid,,  VoL  VII,,  (1875),  d,  244.  E.  Sauvage,  Description  of  the  Plumb  circular 
movable  sieve  jig  for  coal. 

Ibid.,  Vol.  XL,  ( 1877),  p.  271.  M.  Oppermann.  Description  and  capacity  of  the  Harz 
jig  at  Ammeberg,  Sweden.  Principles  of  action  of  the  Utach  jig  and  comparisons 
with  the  Harz  jig. 

Ibid.,  Series  Vlll.,  Vol.  XX.,  (1891),  pp.  37,  41.  M.  Bellom.  A  somewhat  general 
article  which  discusses  the  method  of  running  jigs;,  the  number  of  compartments, 
the  forms  of  discharges  and  compares  jigs  and  tables. 

Berg.  «.  Hutt  Jahrb,,  Vol.  XXVII.,  (1679),  p.  158.  J.  Habermann.  Hesults  of  com- 
parative tests  made  on  Une  jigs  and  Salzburg  tables  with  respect  to  capacityi 
power,  cost  and  amount  of  extraction. 

Ibtd,,  Vol.  XXVIII,,  (1880),  p.  I,  J.  Habermann.  Elaborate  article  deBcribing  vari- 
ous piston  mechanisms. 

Berff,  u.  Hiitt.  Zd(.,  Vol.  XXXI,,  (1872),  p.  18^.  F.  Cazin.  Description  and  ad- 
justments of  Caztn's  side  piston  jig. 

Ibid,,  Vol.  XXXII,,  (1873),  p.  127.  C.  Bldmeke.  Description  and  dimensions  of  the 
Braun  eliding  block  piston  jig,  with  semi -cylindrical  hutch;  also  of  a  Harz  eccen* 
trie  jig.     Figures  on  water  and  capacity  for  both. 

tbid,,  pp.  325,  383,  443. .  A.  Pernolet.  Same  as  Ann,  de»  Mines,  Series  VII.,  Vol. 
11.,  p.  116. 

Ibid,,  Vol.  XXXIIL,  (1874),  p.  169.  C.  Bl5meke.  Description,  dimensions,  adjust- 
ments and  capacities  of  four  forms  of  fixed  sieve  side  plungpr  eccentric  jigs. 

Ibid,,  p.  253.  No  author.  Description  of  the  Utsch  jig  with  capacity  and  discussion 
of  its  merits  and  advantages  over  air  jiga. 

Ibid.,  VoL  XXXV,,  (1876),  p.  249.  M.  E.  Sauvage.  Description  of  the  Plumb  cir- 
cular movable  sieve  jig  for  coal. 

Ibid.,  Vol.  XLI.,  (1882),  p.  219.  C,  Bl5mekc.  Adjustments  of  jigs  at  Lintorf,  sep- 
arating galena,  blende,  pyrite  and  gangue. 

ibid,,  p,  447.  O,  Bilharz.  Description,  dimensions  and  capacity  of  the  Bilharz  cir- 
eolar  fixed  sieve  jig  wifh  central  plunger. 

Ibid.,  VoL  XUV,,  (1885),  p.  5,  E.  Koch.  Adjustments  of  jigs  at  Gottesgabe  and 
HamraerwHsche  mills  in  Westphalia. 

Ibid.,  p.  145.  C.  Blomeke.  Description,  capacity  and  water  used  by  the  Bilharz 
circular  fixed  sieve  jig  and  by  the  Schranz  movable  sieve  power  jig. 

ibid.^  VoL  XLVIL,  (1888),  p.  419,  0.  Hoppe,  Comparison  of  a  jig  bed  to  the  valves 
of  a  lifting  pump. 

ibid.,  VoL  L.,  (1891),  pp.  324,  332.  C.  Bmmeke.  Similar  to  A.  /.  if.  B.,  VoL  XVII., 
p.  637. 

ibid.^  VoL  LI.,    (1892),  p.    188.     No  author.      Description   of   the   Bilharz   oblong 
movable  sieve  jig  and  tne  Bilharz  circular  mo%'abIe  sieve  jig. 
/l>i<f..  VoLLIlI.,   (1894),  pp.  141,  167.     C.  Bldmeke.    Sizes  of  material  fed  to  jigs 
in  Aurora  and  Ddmberg  mills  in  Westpholia. 

Ibid,,  VoL   LIV.,    (1896),  p.   202-    No  author.    Description   of 
mechanism. 

BM.  Soc.  ind.  Min.,  Series  T„  VoL  XV.,  (1870),  p.  437.    O,  Oerc. 
tion  by  jigs  and  discussion  of  the  various  methods  of  jigging. 

ibid,,  p.  649.     F.  Robert.     Article  on  Huet  and  Gevler^s  jig, 

ibid,,  Scries  IL,  VoL  VIII,.  (1879),  pp.  133.  276,  387,  441,  J.  B.  Marsaut.  Discus- 
sion of  theory  of  separation  by  jigs;  description  of  machines  used  at  various  jig- 
ging plants  and  the  results  obtained. 

ibid,,  Series  III,,  VoL  IlL,  (1889),  pp.  329,  338.  M.  Evrard.  Details  of  construc- 
tion and  action  of  two  coal  jigs,  one  a  fixed  sieve  jig  with  piston  run  by  hand; 
the  other  a  fixed  sieve  power  jig  with  a  pushing  block  feeder  and  an  apparatus 
lor  moving  the  top  of  the  bed  forward  mechanically  instead  of  by  a  carrying 
current  of  water. 

ihid,,  VoL  VTIL,  (1894),  p.  53L  Ch.  Mouchet  Adjustments  of  Harz  jigs  in  the 
VaucTon  mill. 

v.,  VoL  XIV,,  (1895),  p.  im.    Similar 
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7e.  OoU.  Bng.,  Vol.  X..  (1890),  p.  266.  Report  of  Committee  of  Min.  /«•«.  of  Sootiud, 
ffiving  a  description  of  the  Sheppard  coal  washer  which  is  a  fixed  sieve,  tide  plmigcr 
Jig  in  which  suction  is  prevented  by  valves  connecting  the  hutch  with  the  oompvi- 
ment  into  which  the  coal  and  water  fall. 

77.  /Wd.,  Vol.  XVII.,  (1896-7),  p.  62.    H.  K.  Landis.    Description  and  method  of  woik- 

ing  of  movable  sieve  intermittent  power  jigs  used  at  Friedensville,  Pa. 

78.  Ihid.,  p.  163.    F.  W.  Hardwick.    Principles  of  action  and  usual  adjustments  of  eoal 

jigs.    Description,  adjustments  and  advantages  of  the  Baum  jig. 

79.  Ihid.,  p.  240.    No  author.    Description  and  capacity  of  Stroh's  continuous  movaUe 

sieve  coal  jig. 

80.  fbid,,  p.  310.     H.  K.  I^ndis.     Description  of  hand  jigs  and  Harz  jigs  in  Southwest 

Missouri  and  adjustments  of  the  same  for  jigging  blende. 

81.  Ibid.,  pp.  393.  432.    H.  Van  F.  Furman.    A  general  article  on  ji^,  taking  up  the 

various  details  of  construction   and   adjustment,   their  applicability  to  difTerent 
classes  of  work,  with  figures  on  capacity,  power,  etc. 

82.  Coll.  Guard.,  Vol.  LXVIL.    (1894),  p.  784.     A.  Habets.    Description  of  the  Baum 

jig  for  coal  which  uses  compressed  air  to  pulsate  the  water,  instead  of  a  piston. 

83.  Ibid.,  Vol.  LXVIIL,   (1894),  p.  592.     Same  as  A.  I.  if.  E.,  Vol.  XXIV.,  p.  80. 

84.  Ibid., 2'  670.    Same  as  A.  I.  J/.  E.,  Vol.  XXIV.,  p.  486. 

85.  Ibid,  Vol.  LXXI.,  (1896),  p.  170.     Same  as  Rev.  dea  Mines,  Series  III.,  Vol.  XXXL, 

p.  166. 

86.  Ibid.,  Vol.  LXXII.,   (1896),  p.  883.    Description  and  method  of  working  the  Baum 

jig  for  coal. 

87.  Ibid.,  Vol.  LXXIIL,  (1897),  p.  826.     Abstract  of  Camptea  Rendus,  (1896),  p.  113. 

88.  Col,  8ci.  8oc.,  (1887),  Bull.  No.  7.    H.  A.  Vezin.     Discusses  the  use  of  an  interme- 

diary jig. 

89.  Cotnptea  Rend  us  Soo.  Ind.  Min.,   (1891),  p.  241.    Mr.  Grey.     Description,  capacity 

and  quality  of  work  of  a  side  piston  jig  used  at  Karwin  for  extracting  pyrite  from 
schists  from  coal  washing. 

90.  Ibid.,  (1890),  pp.  113,  137.     P.  E.  Maurice.    Mathematical  discussion  of  the  motion 

of  particles  in  a  liquid  with  special  reference  to  jigs. 

91.  Dingler's  Polyt.  Jour.,  Vol.  CCXVII.,   (1875),  p.  374.    No  author.     Description  and 

results  ^iven  l>v  Evrard's  coal  jig. 

92.  Engineering,  Vof.  XXIX.,   (1880).  pp.  4,  41,  84,  121,  202,  259.     Same  as  Bull  Boc 

Ind.  Min.,  Sorirs  II.,  Vol.  VUL,  p.  387. 

93.  Ibid.,  Vol.  XXXII.,    (1881),  p.  329.     No  author.     Description  and  adjustments  of 

fixed  sieve  jiixs  used  at  Lintorf. 

94.  Ibid.,  Vol.  LVIII.,  (1894),  p.  294.    No  author.    Description  of  the  Ferraris  jig  used 

at  Monteponi. 
96.  Eng.  d  At  in.  Jour.,  Vol.  XIII.,   (1872),  p.  177.     F.  M.  Stapff.     Description,  capacity 

and  power  of  the  Stapff  jig,  which   is  a  pulsion  jig  with  the  piston  below  the 

screen  and  valves  in  the  piston  to  prevent  suction.     Piston  is  worked  by  a  cam 

and  lever  and  weight. 
96.  Ibid.,  Vol.  XV.,   (1873),  p.  33.     No  author.     Description  of  Cazin's  side  piston  jig 

with  throe  sieves  and  one  plunger  which  is  hinged  beyond  the  tail  end  and  actnttM 

by  eccentric  and  a  connecting  rod  at  the  other  end. 

II:  n^:,  ^^ol.'xVi?il873),  p.  296.  [  ^ame  as  A.  I.  M.  E.,  Vol.  XL,  p.  31. 

99.  Ibid.,  Vol.  XXII..  (1876),  p.  88.  E.  D.  Meier.  Short  theoretical  discussion  of  jig- 
ging, with  a  description  of  the  Osterspey  jig  which  has  a  side  plunger  with  valves 
in  it  to  prevent  suction.  Capacity,  water  used,  adjustments  and  quality  of  its 
work  when  jigging  coal,  are  given. 

100.  Ibid.,  Vol.  XXIil.,  (1877),  pp.  274,  294,  314,  336.     Same  as  A,  I.  M,  E.,  Vol  V.,  p. 

693. 

101.  Ibid.,  Vol.  XXV.,  (1878),  p.  130.    Same  as  A.  I.  M,  E.,  Vol.  VI.,  p.  484. 

102.  Ibid.,  Vol.  XXXII,  (1881),  p  216.    Abstract  of  A.  I.  M.  E.,  Vol.  IX.,  p.  431. 

103.  Ibid.,  p.  389.    No  author.    Description,  capacity  and  power  of  Rogers  jig  which  has 

a  door  formed  plunger  suspended  from  hinges  above  and  with  valves  in  it  to  prevoit 
suction. 

104.  Ibid.,  Vol.  XXXIV,  (1882),  p.  306.    No  author.    Adjustments  of  jigs  in  the  Heda 

mill  at  Glendale^  Montana. 

105.  Ibid.,  Vol.  XLIIL,  (1887),  p.  8.    No  autihor.    Description,  capacity  and  adTaatsgd 

of  the  heberwasche  used  at  Mechornich. 

106.  Ibid.,  Vol.  XLV.,  (1888),  p.  416.    Same  as  A.  /.  M.  E,,  Vol.  XVI.,  p.  600. 

107.  Ibid.,  Vol.  XLVII.,  (1889),  p.  688.    Same  as  A.  /.  M.  E.,  Vol.  XVII.,  p.  609. 
J08.  Ibid,,  Vol.  XLIX.,  (1890),  p.  367.    Abstract  of  A.  /.  M.  E.,  Vol.  XVIL,  p.  037. 
109,  Ibid.,  p.  443.    C.  E.  Dewey.   S\i\iv^  tAat*  of  jig  products. 
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110.  ibid,,  VoL  LVIL,  0804),  p,  607.    No  author.    Description  of  the  Otto  Abeling  mech- 
aniam  for  lifting  the  pluuger  slowly  by  n  cam  and  letting  it  fall  rapidly  by  gravity. 

111.  ibid,,  Vol,  LVni.,  (1894),  p.  9.    G.  T,  Cooley.    Description  of  the  jigs  used  for  blende 
in  SouthwpBt  Missouri,  with  adjufitmenta,  capacity  and  water  us^* 

112.  ibid,,  p,  293.     Same  as  Engineering,  VoL  LVIII.,  p.  294. 

113.  Ibid.,  p.  392.    J.  R.  Holibaugh.    DimejisionB  and  method  of  operation  of  hand  jigs 
in  MiBBouri, 

|U.  Ibid,,  Vol.  LX.,  ( 1895),  p.  196.     F.  HiOe,     Sizes  of  material  to  be  fed  to  jigs  with  flv< 

compartments  separating  blende,  galena,  pyrite  and  quartz,  and  a  list  of  products  oi 

each  compartment. 

[I14a»  ibid,,  Vol.  LXVL,  {1898 )»  p.  248.    T.  J.  Greenway.    Description  of  May's  fixed  sieve 

jig  and  the  Hancock  movable  sieve  jig  used  at  Broken  HiU^  New  South  Wales. 
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